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CHAPTER 1 
GENERAL INTRODUCTION 
The t i t le of this thesis indicates that i t is the general aim of the study to give 
more insight into the relationship between Pneumocystis and its host. After the 
following introductory review of the literature, the scope and aims of the 
separate experiments will be described. 
1.1 Review of literature 
The present state of knowledge about Pneumocystis is based on a great number 
of publications dealing with various aspects of the infection.In the majority of 
these papers clinical observations are described, whereas the number of reports 
of experimental studies using animal models is rather limited. Both types of 
studies have made their contributions to the present knowledge of Pneumocystis. 
Therefore they are both included in this review, irrespective of the unanswered 
question whether or not Pneumocystis should be regarded as a polyxenous 
organism. 
This review does not give a complete inventory of the literature, but is 
restricted to those aspects of Pneumocystis biology which are within the scope 
of this study. A more extensive overview of the literature is presented in a 
number of papers which also give detailed information on the clinical aspects of 
the infection (1-5). 
1.1.1 Morphology and life cycle 
The most prominent stage of Pneumocystis can morphologically be described as a 
round to oval organism, 4 to 5 micron in size. Depending on the staining 
technique, the characteristic features of this so called "thick-walled" cyst stage 
can easily be observed under the light microscope. The internal structure of the 
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f ig. 1.1 HCl-Giemsa stained thick-walled stages of Pneumocystis. Eight 
daughter cells are present in most organisms. 1600 χ 
MF f 
fíg. 1.2 Thick-walled stages of Pneumocystis after Gomori's silver 
staining. Note the comma-like structures (arrow). 1480 χ 
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cyst is visualised in Giemsa stained preparations. It was originally described by 
Chagas (6) who interpreted this phenomenon as a sexual form of Trypanosoma 
cruzi. The unstained cyst wall is visible as a clear halo around eight daughter 
cells, often referred to as intracystic bodies, sporozoites or merozoites (fig. 1.1). 
This arrangement of eight daughter cells, with a purple nucleus and some light 
blue cytoplasm, is typical for Pneumocystis and is accepted as the unambiguous 
demonstration of the organism. 
The thick wall of the cyst stage can be stained using the Grocott modification 
of Gomori's silver methenamine impregnation; this technique has been developed 
as a staining procedure for fungi in smears and tissue sections (7). The colour of 
the wall of the pneumocyst varies from grey to black. In its most typical 
appearance, the round or oval organism has two heavily impregnated opposed 
comma or parenthesis-like structures. These are considered as the second 
characteristic feature of thick-walled Pneumocystis stages (fig. 1.2). Some of the 
cysts are wrinkled, others crescent or sickle-shaped in form. For routine 
demonstration of Pneumocystis, the Giemsa and silver methenamine staining 
procedures are currently used. A number of time saving modifications of the 
Grocott technique have been introduced (8-13).Among the other methods for the 
staining of the cyst wall, the toluidine blue and cresylecht violet techniques on 
Pneumocystis are amply discussed in a number of reviews on this subject (14, 15, 
16). 
A second stage of Pneumocystis can be distinguished in Giemsa stained smears 
of lung homogenates or impression smears. These thin-walled stages or 
trophozoites, frequently about 2 μιτι in size, occur in clusters and resemble the 
daughter cells within the thick-walled Pneumocystis. A dark purple nucleus and 
some light blue cytoplasm are the only visible, hardly characteristic morphologic 
structures. 
The application of electron microscopy on Pneumocystis has contributed 
considerably in the clarification of its morphology and developmental cycle, 
although some aspects of this cycle remain unexplained. 
Electron microscopic observations on Pneumocystis have been described in human 
(17-23) and animal infections, with the use of different techniques and sometimes 
slight variations in results. All the aspects of ultrastructural morphology and 
their consequences for the life cycle of the organism are extensively elaborated 
in the papers of Vavra (24) and Campbell (25). The ultrastructural studies 
basically confirm the theoretical schemes of the l ife cycle derived from earlier 
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light microscopic observations (26, 27). 
The thick-walled pneumocyst, as delineated in Giemsa, is thought to deliver its 
daughter cells into the alveolar lumen. The overt ultrastructural resemblance of 
the daughter cells within the cyst stage to the smallest thin-walled free 
organisms, seems to justify this assumption. These round thin-walled organisms 
with well defined endoplasmatic reticulum, a nucleus and one mitochondrium, 
apparently develop into larger stages which are pleomorphic and have 
characteristic protrusions on their surface. Intermediate forms between mature 
daughter cell containing cysts and thin-walled pneumocysts are regularly found. 
These so called "precysts" have a thickened wall and their cytoplasm contains 
several nuclei and mitochondria. With the development of daughter cells in the 
precyst, mature cyst stages are formed and the developmental cycle is 
completed. The comma-Tike structures of the thick-walled stages after silver 
impregnation, are compatible with partial thickenings of the middle layer of the 
three-layered cyst wall in the electron microscope. The crescent or sickle-shaped 
silver stained forms are ultrastructurally easily identified as collapsed thick 
walled organisms without daughter cells. 
The most prominent features of the large thin-walled Pneumocystis in the 
electron microscope are the considerable variation in outline caused by folds, 
lobes and complex expansions, and the sometimes very numerous tubular 
protrusions from the cell wall. These protrusions, which are beyond the resolving 
power of the light microscope, are in very intimate contact with the 
pneumocytes (24) and neighbouring organisms. This is also demonstrated in 
scanning electron microscopy (28). On the surface of precyst and mature cyst 
stages, these protrusions are less numerous or even absent. 
In literature the terms "trophozoite", "sporozoite" and "merozoite" are frequently 
used to describe the individual thin-walled stages of Pneumocystis. Throughout 
this study the terms "thin-walled Pneumocystis", "thin-walled daughter cell", 
"precyst stage", "thick-walled Pneumocystis" or "cyst stage" will be used because 
only pure morphologic characteristics are preferred to denominate the 
developmental stages. The abbrevation "pneumocyst" is used for the organism 
without reference to any specific stage, instead of the more complicated 
"Pneumocystis organism". 
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1.1.2 Taxonomy 
It is only 25 years ago that Goetz (29) in his extensive review, opposed the 
hypothesis that Pneumocystis was a product of cell degeneration. Besides 
Chagas' initial interpretation of the thick-walled stages as Trypanosoma (6), 
several suggestions have been made for the classification of Pneumocystis among 
the eukaryotic Protista. In the phyla of the protozoa, morphologic details such as 
flagella and pseudopodia or submicroscopic characteristics as the apical complex 
and other organelles, are important criteria for the systematic status. The 
taxonomie system of the fungi is mainly based on similarities in developmental 
cycles and in the morphology of reproductive organs. 
Whether Pneumocystis belongs to the protozoa or to the fungi, is yet an 
unsettled question. Arguments in favor of both possibilities have been derived 
from in vitro culture experiments, drug sensitivity tests and from light and 
electron microscopic observations. Most of the evidence however is rather 
circumstantial. I t has been postulated that in future in vitro cultures of 
Pneumocystis characteristics more typical of fungi or protozoans might be found 
(30). However, the attempts to grow Pneumocystis from infected lung tissue on 
artificial media for the propagation of fungi (31, 32, 33), have been as 
unsuccessful as the inoculation on cell free media developed for growing several 
parasitic protozoa (29, 34). Obviously no conclusions with regard to the 
taxonomie position of Pneumocystis can be drawn from these observations. 
In clinical and experimentally induced infections, Pneumocystis apparently is 
susceptible to pentamidine (35, 36, 37); although pentamidine is used as an 
antiprotozoal therapeutic agent in cases of leishmaniasis and trypanomiasis, i t 
also has fungicidal potency (38). The resistance to amphotericin В (35) has been 
considered as an argument against the classification of Pneumocystis among the 
fungi; at present no indications for in vivo resistance in fungi have been 
documented (39). 
The light microscopic image of Pneumocystis is inconclusive regarding its 
classification. The silver impregnation of the thick-walled stages gives the 
appearance of fungal spores, but the characteristic Giemsa picture of 
Pneumocystis is neither found in fungi, nor in protozoa. 
According to Bom mer (40), the classification based on light microscopic and 
histochemic observations (41, 42, 43) cannot be accepted as conclusive because 
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the evidence is questionable. The amoeboid-Tike lobes of the thin-walled stages 
in the electron microscope, have been interpreted as pseudopodia (20,22,25) and 
indicative for protozoal locomotion. Observations of single organisms in short 
term cell cultures however, have failed to provide evidence for such locomotion 
(28, 34). 
Comparing the development of intra-cystic bodies with the ascospore formation 
at the ultrastructural level, Vavra and Kucera concluded that Pneumocystis 
probably is related to the fungi of the class Ascomycetes (24). These authors 
described the morphology of the thin-walled stages as structurally different from 
common yeasts, but suggested that this might be an adaptive response of the 
organism to the special conditions of l ife in the lung alveoli. The fine structure 
of the cystic stages of Pneumocystis however is considered comparable to that 
of the sporogenous stages of a number of yeasts (24, 44). The absence of bud 
formation and the ultrastructure of the cyst wall has, in other instances led to 
the conclusion that Pneumocystis probably belongs to the protozoa (17). On the 
other hand, the difficult preservation of fine structure and the paucity of 
organelles have been interpreted as general ultrastructural similarities with fungi 
(24). 
Apparently none of the described characteristics of Pneumocystis is of decisive 
taxonomie importance. Whilst there are morphologic affinities to protozoa and 
fungi, very typical characteristics have not been demonstrated. In summarising i t 
can be stated that Pneumocystis is either inadequately described or lacks the 
characteristic features to be fitted into the existing taxonomie system. 
With the currently available knowledge, the provisional proposal of Sommer (40) 
and Scholtyseck (45) to classify Pneumocystis as a protist of uncertain, 
independent, systematic position, seems a reasonable way out. 
1.1.3 Habitat 
In every infection with Pneumocystis so far described, the organism has been 
found in the lumen of lung alveoli. The lung provides the conditions for the 
development of all stages of Pneumocystis known so far and thus i t seems 
appropriate to consider the lung as the natural habitat of the organism. 
In a number of human infections however, Pneumocystis has been demonstrated in 
other tissues such as lymph nodes, liver, spleen and within histiocytes in bone 
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marrow (2, 46-52). The organism was also found in the intima of small pulmonary 
blood vessels (50) and in alveolar capillaries (48). I t is not clear whether this 
invasion into blood vessels and lymphatics is an active process and whether any 
specific predisposing factors for dissemination exist. Common to all generalized 
infections was the immunologic deficient status of the patients. But this is a 
general feature of the greater part of the Pneumocystis infections in humans. In 
animal infections Pneumocystis has never been found outside the lung alveoli. 
The conditions which keep the organism restricted to the lung alveoli in most 
infections are equally obscure as the factors involved in dissemination. A precise 
characterization of the interactions of Pneumocystis with its direct environment 
is not available, but the following observations seem relevant in this field. 
Attempts to grow Pneumocystis in vitro on cell cultures have been unsuccessful 
in the past (29, 53). Thick-walled stages remained morphologically intact for 8 to 
18 days but gradually desintegrated thereafter on cultures of human lung cells 
and embryonic chicken lung cells. More recently serial propagation of 
Pneumocystis has been reported on chicken primary embryonic epithelial lung 
cells (34) and on continuous cell lines (54, 55, 56). The cell Tines, used to support 
the growth of the organism, had been derived from monkey kidney, human liver 
and human embryonic lung. Irrespective of the moderate multiplication rates, the 
growth of Pneumocystis on these substrates as such, indicates that the organism 
is not strictly dependent on the epithelial cells of the lung alveoli. I t was shown 
that the development of the organism does depend on the availability of intact 
living cells (34). Moreover, these authors demonstrated that Pneumocystis 
metabolizes JH-labelled thymidine, uridine and amino acids obtained from the 
supporting monolayer. I t was suggested that transport of nutrients occurred 
through the tubular extensions from the organism attaching the epithelial lung 
cell culture. No uptake of radio labelled nucleotides and amino acids was seen 
from monolayers of alveolar macrophages and fibroblasts (57). Both cyst stages 
and thin-walled pneumocysts incorporated free tritium labelled nucleotides from 
the medium, whereas the organisms did not metabolize the labelled amino acids 
supplied in the medium. 
In the cell wall of free living thin-walled stages, the presence of neutral 
adenosine S'-triphosphatase activity has been demonstrated (23). This ultra 
cytochemic evidence of sodium and potassium transport across the cell wall is so 
far the only direct demonstration of a metabolic process in Pneumocystis. 
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The uptake of nutrients by Pneumocystis from the alveolar fluid or from the host 
cells is poorly understood. Ultrestructural observations have not given any insight 
into the feeding mechanisms of the organism. Indications of phagocytotic or 
pinocytotic processes have never been noted. Micropores and lysosomes also 
have never been observed through the electron microscope. It has been 
postulated that Pneumocystis metabolizes low molecular weight substances, 
obtained directly through the cell wall, and therefore does not require 
phagocytic mechanisms (23). The apparent uptake of C-labelled glucose in 
vitro, seems to support this hypothesis (58). 
I t is not clear whether the cytoplasm of host cells is the natural habitat of 
Pneumocystis. Most authors have described Pneumocystis as a strictly 
extracellular organism. Some light microscopic observations, especially in 
developing infections in humans (51), suggest intracellular occurrence of the 
organism in the epithelial cells of the interalveolar septa. This observation has 
never been confirmed by ultrastructural studies of infections in humans or rats 
(24, 25). The ultrastructural observations of the supporting monolayers for the in 
vitro culturing of Pneumocystis, also never revealed intracellular organisms (34, 
28, 55); i t is not sure, however, to what extent these systems are comparable 
with the conditions in situ of developing Pneumocystis infections. 
In a recent ultrastructural study of developing infections with Pneumocystis in 
rats, the organism was seen in the interstitium of the interalveolar septa late in 
infection, but not in the epithelial cells (59). The only description of 
intracellular occurrence of Pneumocystis at the EM level was made in a necropsy 
study of a foal. Thin-walled stages and cysts were found in epithelial cells of 
the interalveolar septa of a lung specimen obtained several hours after death 
(60). 
In conclusion: the nutritional requirements, the feeding mechanisms and the 
interactions with host cells and with the aqueous surroundings in the alveolar 
lumen are poorly understood. The invasion of extrapulmonar tissues and the in 
vitro culturing on several cell types make the dependency on mammalian lung 
cells uncertain. It is unclear whether Pneumocystis can develop intracellularly. 
All in all, the definition of the natural habitat of Pneumocystis is deficient. The 
alveolar lumen of the mammalian lung, however, can safely be considered as an 
essential component of this habitat. 
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1.1.4 Epidemiology 
An infecting organism is epidemiologically characterised by three basic 
parameters: infectivity, virulence and stability. For a complete understanding of 
the host-invader interplay, a number of additional factors has to be determined 
such as routes of transmission, mechanisms of effective contact, susceptibility 
to infection and to disease. Pneumocystis is, in terms of epidemiology, a 
particularly obscure organism. None of the epidemiologic parameters is 
completely defined because most of the underlying biologic factors are poorly 
understood. 
Before the increase in application of immunosuppressive and cytostatic therapies, 
Pneumocystis was mainly found in children with inherited immunodeficiency 
syndromes and in debilitated or premature new-borns. Pneumocystis caused 
pneumonia with high mortality rates in these categories of new-borns housed in 
overcrowded orphanages and maternity homes, especially in Central and Western 
Europe after World War Π. More recently such clusters of pneumonia cases have 
been described in developing countries under similar conditions (61-63). 
Apart from this so called epidemic Pneumocystis pneumonia, numerous case 
histories of isolated Pneumocystis infections in immuno-incompetent patients have 
been described (1, 2). 
Since 1979 a new wave of Pneumocystis infections has arisen among groups of 
patients with an apparently irreversibly upset T-cell system. Originally this so 
called Acquired Immuno Deficiency Syndrome (AIDS), which seems to spread like 
an epidemic, was encountered especially among young homosexual men and 
intravenous drugs abusers in the USA; besides infections with Pneumocystis and 
some other infectious agents, this syndrome was often accompanied with Kaposi's 
sarcoma, an uncommon neoplastic disease (64-68). So far approximately 50% of 
all AIDS patients have contracted Pneumocystis. More recently the syndrome has 
also been reported in such diverse groups as immigrants from Haiti (69), prisoners 
(70) and haemophilia patients using coagulation factors from pooled donor blood 
(71, 72). Meanwhile the disease has also been detected in European, Australian 
and African patients (73-75). It is not yet clear whether an unknown infectious 
agent or any predisposing factor is responsible for the immuno-incompetence; the 
occurrence of the syndrome in very young infants from parents with proven or 
suspected AIDS symptoms has been interpreted as an indication for an infectious 
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agent (76, 77). 
Pneumocystis pneumonia has been induced in laboratory animals with 
corticosteroid treatment; experimental exposure to Pneumocystis was not 
necessary to provoke heavy infections in the lung of the animals (32, 78-81). This 
supports the common view that Pneumocystis is an opportunistic pathogen. 
Epidemiologic studies of opportunistic pathogens are seriously handicapped by the 
unnoticed presence of the infecting organism in the host. Infections with 
Pneumocystis have no detectable effect on normal healthy individuals and so the 
prevalence of these latent infections is unknown. The indirect methods for the 
demonstration of Pneumocystis have not yet resolved this problem completely. As 
will clearly be seen from the following description of the epidemiologic 
characteristics, this embarrasses the insight into several aspects of the 
epidemiology. 
Infectivity 
Infectivity can be defined as the dose of infecting organisms by a particular 
route required to establish the infection in the host species with high probability 
(82). Following this definition for several reasons infectivity is not a practical 
parameter in describing the infectious process of Pneumocystis. In the first 
place, i t is not yet certain how the organism is spread under natural conditions. 
Secondly i t is not clear what stage of Pneumocystis is responsible for the 
transmission from host to host. As a logical consequence, an infecting dose 
cannot be assessed. Moreover, for technical reasons i t is impossible to 
adequately determine numbers of thin-walled stages (34, 83). 
The term infectivity is also used, as a synonym to host specifity, to describe the 
range of species to which an organism is naturally infective (82). Host specificity 
of Pneumocystis has been the subject of some authors to elucidate the role of 
Pneumocystis from animals in spreading the organism among men.Pneumocystis 
carinii is the name of the organism originally described in rats (84). In literature 
this subspecies name "carinii" is generally used for the organism in all described 
host species. 
Frenkel (38) suggested the introduction of a new name, Pneumocystis jiroveci for 
the parasite of humans, because there is no good evidence that the organisms in 
different host species are identical. 
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Although slight differences in size and staining capacity between human and rat 
Pneumocystis have been described (29), i t is generally accepted that there are no 
real morphologic differences between the organisms of several host species at 
light microscopic or at ultrastructural level. Results of antigen analyses, 
comparing antibody responses in immune sera to Pneumocystis antigens of several 
origins, are not unanimous. No antigenic differences between rat and human 
Pneumocystis have been found by Kagan and Norman (86). Other results 
suggested some common antigens in rat and mouse Pneumocystis (87), but also 
overt differences between organisms of rodents and humans (85, 87). 
Nude mice appeared to be susceptible to infection with Pneumocystis from rat 
origin i f placed in close contact with cortisone treated rats (88). I t is not clear 
whether this experimental result reflects common interspecies transmission in 
nature. The principal question about host specifity - the possible role of 
Pneumocystis in animals as a reservoir for human infections - cannot definitely 
be answered. 
Virulence. 
The virulence of an infecting organism is defined as the capacity to cause 
disease in a host. This capacity is usually expressed in terms of frequency and 
severity of pathologic features. The frequency of Pneumocystis infections in 
laboratory animals (35) and humans (89) is apparently high. The frequency and 
severity of pathology due to Pneumocystis however, depends on the efficiency of 
the defense mechanisms of the host, as is the case with all opportunistic 
pathogens. Under normal conditions the infection remains latent, so the virulence 
is evidently low. 
However, doubts have been raised against this general theory through 
unexplained aspects of some Pneumocystis infections. The spontaneous and 
considerable increases or decreases in mortality during epidemics without 
apparent changes in the total environment, has led to the conclusion that 
virulence of Pneumocystis in humans is not a predictable constant factor (90). In 
cases of extra pulmonary dissemination, Barnett (46) supposed a possible 
increased invasiveness of Pneumocystis. It has also been suggested that more 
virulent strains of Pneumocystis might be responsible for invasion of organs other 
than the lung (49). 
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Stability 
The stability of an infecting organism is generally described as the time during 
which the potency to infect is preserved outside the host. The present state of 
knowledge does not permit speculations on this third basic epidemiologic 
parameter. Actually, i t is not even clear which developmental stage of 
Pneumocystis is responsible for transmission from host to host. 
Transmission 
Routes of transmission. 
The geographic distribution of Pneumocystis among mammalian species, including 
man, is worldwide; human infections in particular have been reported from many 
locations on every continent (4). Not only domestic and laboratory animals 
harbour the organism, but also free living hares (91), shrews (92) and some forest 
animals in Brazil (93). 
Pneumonia due to Pneumocystis is a rare phenomenon in relation to the number 
of latent infections. The transmission of the organism apparently does not depend 
on the occurrence of heavy infections. It is puzzling how Pneumocystis is 
transmitted from hosts with only very small numbers of organisms in the lung 
alveoli. Pneumocystis has only incidentally been found in the upper respiratory 
secretions, even when the patients were heavily infected (94-96). The mere fact 
that Pneumocystis in all reported infections almost exclusively inhabits the lung 
alveoli makes transmission through the airways the most plausible mechanism of 
contagion. Numbers of infections during epidemics have been reduced by 
separating infected patients from newly admitted, possibly susceptible persons 
(90,97). Constant irradiation with ultra violet light in the rooms where suspected 
cases were nursed, seemed to have the same effect (98). More convincing 
indications for transmission through the air have been produced by experiments 
in laboratory animals. Individually housed rats, caesarean derived and barrier 
substained, developed Pneumocystis infections. This was provoked by cortisone 
treatment, after air contact with infected conventionally bred animals. In control 
l i t ter mates under the same cortisone regime no infections could be demonstrated 
(80). Pneumocystis has been transmitted between nude mice by intranasal 
inoculation of infected lung material and by cage mating (99). Intranasal 
Instillation of homogenized infected lung tissue of human and rat origin failed to 
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induce infection in nude mice; intrapulmonary inoculation of the same material 
however, did result in infections in nude mice. Close contact between cortisone 
treated rats and nude mice was also effective in transmitting Pneumocystis (88). 
The possibility of interspecies transmission raises an additional problem in 
tracking down the source of infection in clinical and experimental situations. 
Therefore strictly germ free conditions for the breeding and maintaining of 
animals are indispensable for correct interpretation of results in transmission 
experiments, as was acknowledged by some authors (88) but effectuated by none. 
The experiments and observations summarized above provide arguments in 
favour of transmission through the airways, either by airborne micro-droplets 
directly to the bronchi or by infecting the mucous membranes of nose, mouth and 
eyes during close contact. Air samples, collected daily during a whole year in 
animal quarters where 100 rats on cortisone regime were housed continuously, 
did not reveal a single Pneumocystis stage (100). 
Pneumocystis has been found in the lungs of a stillborn infant (101) and in two 
babies within three days after birth (61, 102). These authors considered in utero 
acquired Pneumocystis as the only logic explanation for the pneumonia so shortly 
after birth. In none of the cases was the placenta examined. Congenital 
infections with Pneumocystis have so far never been reported from experimental 
studies. 
Transmissional stage 
As mentioned in the paragraph "Stability", the developmental stage responsible 
for transmission of Pneumocystis, has never been elucidated. On theoretical 
grounds the thick-walled organisms could be proposed as the most likely 
developmental stage for transmission; the thickness of the wall suggests 
resistance to environmental changes during the passage. 
For transmission through the placental route, the smaller, less rigid, thin-walled 
stages seem more appropriate. However, the role of congenital infections in the 
spreading of Pneumocystis is uncertain. 
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Susceptibility of the host 
The susceptibility to infection with an opportunistic pathogen and the 
susceptibility of the host to the resulting pathologic changes in case of heavy 
infection with the same organism, are two distinct phenomena and therefore 
these two items will be discussed separately. 
Susceptibility to infection with Pneumocystis 
The earlier cited results of cortisone régimes in laboratory rats (35, 80) clearly 
indicate that infections with Pneumocystis are common among these animals. 
Although the general crowding in animal quarters may promote the prevalence of 
the infection, the organism apparently has the capability of establishing and 
maintaining a certain level of infection in these healthy populations. 
The presence of specific anti-pneumocystis antibodies in healthy humans (89, 103, 
104) indicates that humans too are susceptible to infections of Pneumocystis. 
Susceptibility to pneumonia caused by Pneumocystis 
The epidemics of Pneumocystis pneumonia among institutions (61-63) were 
characterized by debilitating factors as prematurity and marasmus in a high 
percentage of the infected infants. Moreover, many of the affected children 
were at the age of two to four months when passively acquired antibodies begin 
to disappear and active immune responsiveness is still developing. Impairement of 
the immune system is the only factor common to all described Pneumocystis 
pneumonia cases in adults. It is impossible to trace any one specific factor 
determining the susceptibility to Pneumocystis pneumonia from the overwhelming 
amount of clinical data presented in literature (2, 4, 5). The results of 
immuno-histochemic studies on sections of heavily infected lung tissue suggest 
that antibodies of several immunoglobulin classes and complement components are 
involved in the host response (105). Many reported cases of Pneumocystis 
pneumonia in patients with hypo- and agammaglobulinemia support this view (2, 
4, 106-109). Antisera to Pneumocystis enhanced phagocytosis and lysis of 
organisms by macrophages in vitro (57), while in other experiments alveolar 
macrophages phagocytized Pneumocystis after two days in culture without any 
stimulation (110). The earlier mentioned chronic and fatal infections in nude mice 
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(99) indicate that thymus derived cells also can play a role in the susceptibility 
to Pneumocystis pneumonia. In a recent study the serum antibody responses to 
Pneumocystis among different strains of normal and athymic mice, apparently did 
not determine the susceptibility to Pneumocystis (111). Neither rabbit serum with 
anti "rat-Pneumocystis" specificity supplemented with rat complement, nor 
supernates of activated rat macrophage cultures were effective in reducing the 
viability of Pneumocystis of rat origin, as measured by the capacity to 
incorporate vital dyes (58). 
In typical AIDS cases with Pneumocystis pneumonia total T-cell counts were low 
and moreover, the ratio of T-helper to T-suppressor cells in the peripheral blood 
was inverted . The simultaneous occurrence of cytomegalo virus (CMV) in some 
patients might indicate that the virus is active in suppressing T-cell functions 
(64). The analysis of T-lymphocyte subsets in uncomplicated CMV induced 
mononucleosis has proved that this infection is associated with a reversal in the 
normal ratio of helper-suppressor T-lymphocytes (112). Extremely high 
percentages of CMV antibody titers have been found among homosexual men 
(113). These combined observations might explain the high incidence of 
Pneumocystis pneumonia among AIDS patients (64-68) and stress the possible role 
of virus infections in the suppression of the host's resistance to Pneumocystis 
pneumonia through deprivation of T-cell functions. 
Experimental provocation of Pneumocystis pneumonia in rats by T-cell 
suppression through cyclosporin A, is additional evidence for the active role of 
T-cells in controlling the development of Pneumocystis pneumonia (114). 
Apparently T-cells, humoral responses and macrophages play a role in the 
defence against Pneumocystis pneumonia. Irrespective of the causative 
conditions, any disturbance of the balance between the infecting organism and 
any of the defence mechanisms of the host might lead to the development of 
pneumonia. 
1.1.5 Host reactions 
Among the reactions of the host to infection with Pneumocystis, the formation 
of specific antibodies is very prominent. The cellular immune responses of the 
host are not uniform, as visualized in infiltrations of the lung tissue and 
exudates of alveoli. The histologic changes in heavily infected lungs can only 
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exceptionally be considered as strictly related to Pneumocystis, because 
concommittant infections or other pathologic mechanisms are often involved. 
Formation of antibodies specific for Pneumocystis 
Antibodies with specifity to Pneumocystis are commonly found in sera of normal 
healthy humans (89, 103, 104, 115). This phenomenon is generally interpreted as a 
response to latent infections. Immunoglobulines of the Ig G and Ig M class have 
been identified in these responses. IgA antibodies in human cases of Pneumocystis 
pneumonia have also been demonstrated; they were located on the surface of 
clumps of organisms within the lung alveoli (105). 
The titers of circulating antibodies of the hosts are not proportionally related to 
the degree of infection. Antibody titers in proved infections have a very wide 
range; the influence of immunosuppression or immuno-incompetence cannot be 
assessed. 
In experimental infections in rats, antibody levels decreased during the course of 
cortisone treatment; after withdrawal of the immunosuppressant, antibody titers 
increased while Pneumocystis was cleared from the lungs (116). Similar results 
were reported from cortisone induced infections in several strains of mice (111). 
These authors also demonstrated considerable variation in antibody titers among 
individual control mice and among different mouse strains. 
In bronchial lavage fluids obtained from cortisone treated rats, no precipitating 
antibodies specific for Pneumocystis could be detected by the double diffusion 
technique or by counter Immunoelectrophoresis (117). Using the indirect 
immunofluorescent antibody technique however, specific anti-Pneumocystis 
antibodies of the IgA class have been found in rat bronchial lavage fluids (116). 
Pneumocystis organisms from the same lavage fluids had not only IgA, but also 
IgG and Ig M antibodies on their surface. 
Histopathology of infected lung tissue 
In this introduction to the histopathology of infections with Pneumocystis, only a 
general description is presented of the lung alterations occurring in the epidemic 
infantile Pneumocystis pneumonia and in the incidental infections of 
immunodepressed hosts. Moreover, some results of experimental infections are 
summarized which give some insight into the mechanisms of the host response to 
25 
Pneumocystis. For extensive descriptions of the histologic alterations in the 
lungs related to the underlying diseases, the reader is referred to a number of 
relevant reviews (1, 2, 4, 118, 119). 
Sections of lungs with fatal Pneumocystis pneumonia have one common 
characteristic microscopic feature irrespective of the underlying syndrome: the 
alveoli are completely filled with a foamy honeycomb-like mass (fig. 1.3). 
Macroscopic the lungs are distended and consolidated. The honeycomb-like 
structures are composed of innumerable pneumocysts, tightly clumped together 
with large intact, vacuolized or desintegrating macrophages. The vacuoles of 
these macrophages sometimes contain intact or degenerated organisms (51). 
Characteristic for the infantile epidemic Pneumocystis pneumonia is the 
infiltration of the interstitium with numerous mature plasma cells; this 
phenomenon is responsible for the classic name of this disease namely Interstitial 
Plasma cell Pneumonia (IPP). Lymphocytic cells and other undefined mononuclear 
cells are also found in these infiltrations. Hyperplasia of the alveolar epithelium 
increases the thickness of the interalveolar septa, which occasionally become ten 
times their normal size. 
f ig. 1.3 Section of heavily infected human lung with numerous 
thick-walled pneumocysts in foamy exudate in the alveoli. The 
interalveolar septa are very thick. Gomori's silver staining with 
HE as background. HO χ 
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In the isolated cases of Pneumocystis pneumonia in immunodeficient individuals 
the presence of mature plasma cells is not so prominent; these cells are often 
scarce or even absent. Instead, mononuclear cells have been found to infiltrate 
the interstitium together with eosinophylic leukocytes in some cases. The 
increase in thickness of the interalveolar septa is not so marked as in the 
epidemic Pneumocystis pneumonia. I t is not clear how specifically these reactions 
are directed against Pneumocystis. Hyperplasia of the interalveolar septa has 
been described in immunosuppressed patients without apparent Pneumocystis 
infection (120) and also in bacterial, viral and protozoal infections (121). 
A three stage model for the development of the histopathologic changes in lungs 
infected with Pneumocystis was based on observations of varying degrees of 
Pneumocystis pneumonia involvement in patients dying of malignancies (51, 122). 
In stage I only isolated thick-walled organisms were found in the alveolar septa. 
In stage Π free thin-walled organisms were present in the alveolar lumen and 
increasing numbers of degenerated and intact thick-walled stages inside alveolar 
macrophages. Minimal focal inflammatory responses were also seen in the 
interalveolar septa. The third stage was characterized as in the general 
description for immunodeficient patients above. Patients in the two initial stages 
of Pneumocystis infection had no clinical signs of pneumonia. 
Responses of human lymphocytes to the presence of Pneumocystis were 
demonstrated by in vitro stimulation experiments (123). Cultures of normal human 
lymphocytes could be stimulated to proliferate by the addition of intact 
Pneumocystis or extracted proteins of the organism. Compared to T-cell depleted 
cultures, the reactions of T-cell enriched cultures were four times as intensive. 
The addition of monocytic cells from the blood considerably intensified this 
response. 
The reactions of alveolar epithelial cells in the presence of Pneumocystis have 
been studied at the ultrastructural level in cortisone treated rats (59, 124). In 
rats killed four weeks after the onset of treatment, many thin-walled organisms 
were found closely attached to the type I alveolar epithelial cells. Horse radish 
peroxidase was intravenously administered in animals treated for four and seven 
weeks. In the animals treated for four weeks, no leakage of peroxidase was seen 
from the capillaries into the alveoli. The ultrastructural marker was particularly 
found in alveoli where Pneumocystis adhered to the type I epithelial cells in rats 
treated for seven weeks. It appeared especially in blebs formed at the basement 
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membrane site of these cells and to a lesser extent in the intercellular spaces 
between pneumocytes. This finding in rats treated for seven weeks was 
interpretated as the initiation of injury due to Pneumocystis. In the 
conventional electron micrographs the type I pneumocytes also showed signs of 
degeneration and detachment of the basement membrane, whereas no alterations 
were observed after four weeks cortisone treatment. The authors speculatively 
formulated the hypothesis that the attachment of Pneumocystis might influence 
the surface tension of the gas-blood barrier and possibly increase the 
permeability of the alveolar capillary membrane, thus inducing oedema. 
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1.2 Scope and aims of the study 
Pneumocystis and its host have been studied in naturally occurring infections and 
in experimentally induced Pneumocystis pneumonia. 
The fine structure of Pneumocystis was studied in a series of rats with 
increasing involvement of induced pneumonia. The aim of these observations was 
a better insight into the developmental cycle of Pneumocystis and into the 
initiation of the massive proliferation of the organism in the immunosuppressed 
host. 
Natural infections with Pneumocystis and their effects on the host were 
examined in a breeding colony of rats. Some epidemiologic aspects of these 
infections are discussed in chapter 4. The epidemiologic observations were 
extended with the results of experimentally induced infections collected during 
several years. Experiments aimed at the clarification of the transmission of 
Pneumocystis were also described in this chapter. 
In chapter 5 we present the efforts to assess the causative relationship between 
Pneumocystis and the effects on the host in natural infections. 
The development of Pneumocystis pneumonia was followed in a series of 
immunosuppressed rats; the histologic results of these observations are described 
in chapter 6. 
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2.1 Animals 
Wistar rats of both sexes were used in this study; they were supplied by the 
Central Institute for the Breeding of Laboratory Animals TNO Zeist, The 
Netherlands and by the Central Animal Laboratory, Catholic University of 
Nt'niegen, Nijmegen, The Netherlands. The animals were fed on standard pellet 
А МП (Hope Farms, Woerden, the Netherlands) and supplied with drinking water 
ad libitum. 
Massive Pneumocystis infections were induced in conventionally bred rats; these 
animals were six weeks old and the average weight was 120 grams. 
The epidemiologic observations on naturally occurring Pneumocystis infections 
were performed in a colony of rats bred under "Specific Pathogen Free" 
conditions (SP F rats). 
Rats were used for observations on natural and experimental transmission of 
Pneumocystis. They were bred and maintained under strict germ free conditions 
(GF rats). These animals were housed in macrolon cages placed in plastic 
isolation balloons. In some experiments G F rats were housed individually in a 
laminar flow cabinet with horizontal air flow. 
2.2 Experimental induction of infections with Pneumocystis 
Latent Pneumocystis infections among conventionally bred rats were provoked to 
develop into massive Pneumocystis pneumonia according to Weller's method (78). 
The rats were injected subcutaneously with 12.5 mgr cortisone acetate (Adreson 
25 mgr/ml) four times a week. Tetracyclin-HCl was added to the drinking water 
to a final concentration of 500 mgr per l iter in order to prevent bacterial 
infections. The animals which developed a massive Pneumocystis pneumonia died 
after a period of six to eight weeks. 
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2.3 Collecting material from rats 
Blood samples were collected routinely from the tail or from the orbital vein. 
Tail blood was collected in heparinized capillaries; cells viere pelleted in a 
micro-haemotocrit centrifuge (Hawksley) and the plasma was stored undiluted at 
-20oC. 
Blood from orbital punctures was allowed to clot; after removing the clot the 
sample was centrifuged at 250 g for 10 minutes and the clear serum stored 
undiluted at - 20oC. 
Rats were sacrified by cardiac bleeding under anaesthesia induced by 
intraperitoneal injection of pentobarbital (Nembutal). The cardiac blood was 
handled as the orbital blood samples. 
The lungs of the rats were harvested by careful dissection of the complete 
bronchial tree from the opened thoracal cavity. G F rats were killed in a laminar 
flow cabinet under strict germ free conditions in order to prevent contamination 
of the lung tissue. 
2.4 Histologic procedures 
Processing of lung tissue 
Pneumocystis organisms were routinely demonstratad in lung homogenates. For 
this purpose small portions of lung tissue were homogenized with a few drops of 
saline (NaCl 0.9%) in a glass tissue grinder. Thin smears of the homogenates were 
air-dried, fixed in formaline (3.5%) and stained. 
Histopathologic alterations of the lungs were studied in sections of embedded 
tissue. After dissection of the intact bronchial tree, the right bronchus was tied 
and this lung removed for homogenation. The left lung was gently instilled with 
3.5% formaldehyde through the trachea by very light manual pressure from a 5 
ml syringe equiped with a disposable tip of an automatic pipette. The trachea 
was also tied and the lung immediately submerged in the fixative. After 
overnight fixation, the lung was dehydrated through acetone and processed 
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through toluene to paraplast (Sherwood) in an automated tissue processor (АО 
Histokinette). Appropriate portions of tissue were embedded in blocks of 
paraplast; 4 μτη thick sections were cut on a standard microtome (АО) using steel 
knives. The sections stretched and adhered to glass slides after heating in a few 
drops of white gelatine (Merck) on an electric heated plate. 
Staining techniques 
Gomori's methenamine-silver nitrate technique (7) 
Fixation: formalin 3.5% 
Reagents 
5% chromic acid in distilled water 
5% silver nitrate in redistilled water 
3% hexamethylenetetramine in redistilled water 
5% borax in redistilled water 
stock methenamine-silver nitrate: 
5% silver nitrate 5 ml 
3% methenamine 100 ml 
working methenamine-silver nitrate: 
5% borax 2 ml 
redistilled water 25 ml 
stock meth.-silver nitrate 25 ml 
1% sodium bisulfite in distilled water 
0.1% gold chloride in distilled water 
2% sodium thiosulfate in distilled water 
stock light green: 
light green 0.2 g 
distilled water 100.0 ml 
glacial acetic acid 0.2 ml 
working light green: 
stock light green 10 ml 
distilled water 50 ml 
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Procedure: 
- tissue sections are deparaffinized in xylol and hydrated through an alcohol 
series, 
- air dried smears are fixed in formalin during 30minutes, 
- oxidation in 5% chromic acid for 45 minutes, 
- wash in tap water, 
- rinse in 1% sodium bisulfite 1 minute, 
- wash in tap water 5 to 10 minutes, 
- wash with 4 changes of distilled water, 
- slides in methenamine-silver nitrate at 580C until parallel run control slide 
turns yellowish brown (45-50 minutes), 
- 6 changes of distilled water, 
- 2 to 5 minutes in 0.1 Si gold chloride, 
- rinsing in distilled water, 
- 2 to 5 minutes in 2Si sodium thiosulfate, 
- 5 minutes in running tap water, 
- counterstaining in light green, 10 minutes, 
- dehydration through 2 changes of ethanol 96% and two changes of ethanol 
100« 
- 3 changes of xylene and mounting 
Smears of heavily infected lung homogenate have always been processed as 
controls in a separate jar. 
Thick-walled stages of Pneumocystis are stained grey or black (fig. 1.2). 
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Toluidine blue 0 staining (12) 
Reagents 
sulphation reagent: 
diethyl ether 25 ml 
sulphuric acid 97% 25 ml 
The sulphuric acid is slowly added to the diethyl ether under constant stirring at 
4° С 
toluidine blue 0 solution: 
toluidine blue 0 75 mg 
distilled water 15 ml 
hydrochloric acid 3756 0.5 ml 
absolute ethanol 35 ml 
The dye is completely dissolved in water and the hydrochloric acid is added. The 
final dye concentration is 0.15% after addition of the ethanol. 
Procedure 
- smears are air-dried 
- slides in sulphation reagent for 5 min. 
- wash in running tap water, 1 min. 
- staining for 3 min. in toluidine blue 0 solution 
- dehydration through 2 changes of isopropyl alcohol 
- 3 changes of xylene and mount 
The thick-walled Pneumocystis stages appear as purple round to oval bodies; the 
background is stained pale blue. 
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Routine Giemsa staining (modification of method in reference no.125) 
Fixation: methanol 100% 
Reagents 
Giemsa stock solution: 
Giemsa powder 7.5 gr 
methanol 650 ml 
glycerol 87% 350 ml 
After 48 hours of stirring in a flask with glass beads the solution is fi ltered. 
phosphate buffer pH 7,2 
Na2HP04 2H20 1.36 g 
KHP04 0.72 g 
distilled water 2 1 
Giemsa working solution 
Giemsa stock solution 1 ml. 
phosphate buffer 20 ml. 
tap water 20 ml. 
Procedure 
- air-dried smears are fixated in methanol 
- staining in Giemsa working solution for 45 minutes. 
- slides are dipped in tap water 
- after drying direct examination with immersion oil 
The result of the Giemsa staining has been described in paragraph l . l .K f ig . 1.1). 
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HCl Giernsa staining (126, 127) 
R eagents 
fixation solution 
methanol 30 ml 
acetic acid 10 ml 
phosphate buffer pH 7.0 
Na2HP04 2H20 0.465 g 
NaH2P04 0.490 g 
distilled water 1 1 
gelatin solution 
white gelatine (Merck) 50 mg 
distilled water (50°С) 50 ml 
hydrolyzing agent : 5N HCl 
Giemsa stock solution 
as described under "Routine Giemsa staining" 
Giemsa working solution 
Giemsa stock solution 1 ml 
phosphate buffer pH 7.0 50 ml 
tap water 50 ml 
Procedure: 
-suspensions are fixated for 60 minutes 
-centrifugation for 10 min., 1500 g 
-pellet resuspended in freshly prepared fixative, 5μ1 drops on slide 
-air-dried preparation dipped in gelatin solution 
- dry preparation hydrolysed in 5N HCl during 30 min. 
- rinse in water 
- staining in Giemsa working solution for at least 4 hours 
- after drying, 3 changes of xylene and mounting 
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Result: as described for "routine Giemsa staining" with increased contrast and 
more intense staining of nucleus and cytoplasm. 
2.5 Evaluation of staining techniques 
As indicated in paragraph 2.4 both toluidine blue and silver methenamine 
staining were used to assess the number of thick-walled pneumocysts. The 
advantage of the toluidine blue staining over the silver impregnation is the 
relative simplicity and rapidity of the former. Therefore toluidine blue was used 
for the quick estimation of numbers of pneumocysts in suspensions, for use in the 
preparation of IF A slide antigen. For the absolute assessment of the presence or 
absence of any thick-walled pneumocysts in total lung homogenates, the silver 
impregnation technique was indispensable. The superior contrast between the 
grey-black coloured organisms with its typical parenthesis structures and the 
green background is an evident advantage over the toluidine blue staining. 
Experience with the method and the interpretation of the result is very 
important. The incubation with the methenamine silver nitrate is critical in terms 
of time and temperature. The comma-like structures in the thick wall are not 
visible if the staining is too light and on the other hand get obscured by 
over-exposure; in both instances the discrimination between Pneumocystis and 
fungi is virtually impossible. 
The staining of the contents of thick-walled Pneumocystis using Giemsa 
techniques did not give uniform results (fig. 2.1). Several types of daughter cells 
can be discerned. Daughter cells are very slender and banana or crescent shaped; 
they also can have a more or less rounded outline or some intermediate shape. 
The possible influence of fixation on the shape of the daughter cells was 
evaluated by counting the different types in lung homogenates of rats treated 
for 6 weeks with cortisone. The methanol fixation of air dried slides was 
compared with the Schaudin fixation applied on wet preparations (128). Between 
200 and 400 organisms were counted in every slide. Only intact, well stained 
organisms were included. The results are presented in table 2.1. 
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f ig. 2.1 Thick-walled stages of Pneumocystis with rounded (arrow), 
crescentic (arrow-head) and intermediate (double arrow) daughter cells. 
HCl-Giemsa ІбООх 
Table 2.1 Comparison of fixation methods. 
Percentages of 3 types of daughter cells whithin thick-walled 
Pneumocystis. 
rat no. 
Schaudin 
fixation 
methanol 
fixation 
shape 
b 
i 
r 
b 
i 
r 
1 
12 
31 
57 
13 
33 
54 
2 
12 
29 
59 
11 
30 
59 
3 
14 
28 
58 
12 
28 
60 
4 
10 
45 
45 
9 
51 
40 
5 
15 
50 
35 
18 
47 
35 
b = banana shaped i = intermediate r = rounded 
The percentages of the 3 types of daughter cells show considerable variations 
between the individual rats. The results of the two fixation methods were 
however very similar. 
The HCl Giemsa staining (2.4) applied on air dried thin smears was used for the 
preparation of the photographs. The contrast between cytoplasm and nucleus and 
the absolute intensity of the colours is increased in comparison with the routine 
Giemsa technique. 
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2.6 Counting of Pneumocystis in suspensions 
Thick-walled organisms in well suspended samples are routinely counted after 
staining with silver-methenamine or toluidine blue. The suspensions have to be 
diluted in order to stain all organisms present in the air-dried sample. 
Procedure 
5 μΐ samples are carefully applied on clean microscope slides with an automatic 
pipette. The diameter of a dried, circular droplet is measured with a ruler. The 
round sample wells of multispot slides (Celline) were also used for this purpose. 
9 
Using a calibrated square of 0.01 mm (magnification lOOOx) in the ocular tube 
ρ 
of the microscope, the numbers of organisms in 1 mm dried suspension was 
counted. From this the total number of pneumocysts was calculated. 
2.7 Serologic procedures 
2.7.1 Preparation of antigen 
Enriched suspensions of Pneumocystis were used as antigen in the tests for the 
detection of antibodies specific for this organism. Heavily infected lung tissue 
was cut into small pieces. The tissue was first homogenized in a glass tissue 
grinder in a small volume of saline. This homogenate was then vigourously mixed 
in saline in a Virtis homogenizer at 20,000 rpm for 1 minute. 
Alternatively, small pieces of lung tissue were stirred for 1 hour on a magnetic 
stirrer in phosphate buffered saline (PBS) according to Pifer's method (55). After 
sedimentation of the tissue, organisms were harvested by centrifugation at 700 g 
for 10 minutes. Depending on the amount of coarse tissue contamination the 
suspension was passed through several glass filters (Jena pore sizes 15-150 pm). 
The remaining fine cellular debris was disregarded as i t did not interfere with 
proper interpretation of test results. 
The suspension was applied on multispot slides (129) in a concentration resulting 
in approximately 20 thick-walled pneumocysts in each microscopic field 
(magnification 500x). The air-dried slides were stored at -700C. 
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2.7.2 Indirect immunofluorescence assay 
The immunofìuorescence technique was chosen for the detection of antibodies 
specific for Pneumocystis. Using the multispot antigen slides as described above, 
indirect immunofluorescence assays (IFA) were performed following the method 
as reviewed by Johnson and Holborrow (130). Fluoresceine-isothiocyanate (FITC) 
was the fluorescing marker and conjugated antisera were commercially obtained 
from several sources. The proper working dilutions of the conjugates were 
determined in block titrations for every individual batch number and for each 
antigen preparation. 
Serum and conjugate incubations were performed at 370C for 20 minutes and 
washings in between for 30 minutes with two changes of PBS pH 7.2. Eriochrome 
black (Difco) and Evans blue (Merck) were used as counterstains (131). Slides 
were semipermanently mounted in Uvak (Gurr) or in a polyvinyl alcohol medium 
according to Lennette (132). They were read on a microscope equiped with 
epi-illumination (133). As UV sources a HBO 200 mercury burner or a XB0 75 
iodide burner (Osram) have been used with a Leitz TAL 485 and а К 495 as 
filters for excitation and elimination respectively (134). 
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CHAPTER 3 
Fine structure of Pneumocystis in rats. 
An alternative view on the developmental cycle of Pneumocystis. 
Most of the data have been presented before in: Zeitschrift für Parasitenkunde 
55, 101-118, 1978. Vossen M, Beckers Ρ, Meuwissen J and Stadhouders Α. 
The following figures have been published in that paper: 5, 6, 9, 12, 13, 17, 18, 
19, 20, 22, 24, 25 and 26. 
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3.1 Introduction 
Descriptions of the most characteristic ultrastructural details of thick-walled 
Pneumocystis are fairly consistent in literature. So far no ultrastructural 
differences have been described between Pneumocystis of human and animal 
origin. The basic scheme of the developmental cycle, as described in paragraph 
1.1.1, is generally accepted. Two defined questions have in fact provoked this 
study: f irst, the way Pneumocystis infection is initiated and second the 
explanation for the presence of a high proportion of thin-walled stages at the 
time of prolific multiplication of the organism. 
Reports in the literature on the life cycle of Pneumocystis are based on studies 
of heavily infected lung tissue only. Therefore experimentally induced infections 
were examined in a series of rats treated with cortisone for various periods of 
time. The aim of this approach was to find incipient infections with a 
distribution of pneumocysts different from that of massive infections. Such a 
difference has been suggested, but not described in detail, for a non induced 
infection in a single nude mouse (135) and in developing infections in rats (59). 
The relatively high numbers of thin-walled stages have especially been noted by 
Vavra and Kucera (24); they estimated that the ratio between thick- and 
thin-walled stages was much too low to accept the liberation of daughter cells 
from thick-walled organisms as the only mechanism of reproduction. They 
described thin-walled stages adhering to one another by a narrow isthmus and 
some with two nuclear masses. Others occasionally found two masses of 
cytoplasm communicating through a small orifice in the cytoplasmic membrane 
(23). Hasleton et al. described transversal walls in thin-walled stages (136); the 
micrographs however resemble very much the closely attached adjacent organisms 
with parallel cell walls as described by Vavra and Kucera. 
Observations of this kind have been interpreted as binary fissions of the 
thin-walled pneumocysts. In this study more convincing and extensive evidence 
was sought for this phenomenon, in both early and late stages of the developing 
infections. A limited number of serial sections was scrutinized to rule out the 
appearance of lobulated nuclei as separated multiple nuclear masses. 
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3.2 Materials and methods 
Pneumocystis infections were experimentally induced as described in 2.2. The 
lung tissue of rats treated for three, three and a half, four and six weeks was 
studied. 
Animals were anaesthetized by intraperitoneally injected pentobarbital 
(Nembutal). In situ fixation of the lungs was performed according to Weibel's 
method (137). The thorax was opened and via a cánula the lungs were gently 
instilled with fixative through the trachea. For reproducable results the pressure 
during instillation was kept at 2kPa (20 cm HpO) by placing the vial with 
fixative 20 cm above the cánula inserted into the trachea. 
Glutaraldehyde (2%) in 0.05M posphate buffer (final osmolarity 320 m.osmol) was 
used for fixation. When the fixative started leaking through the distended lungs, 
the trachea was tied, the lungs carefully removed from the thoracal cavity and 
immersed for 12 hours in the fixation fluid. After a brief washing in 0.1 M 
phosphate buffer (adjusted to 320 m.osmol) post fixation of small parts of the 
lungs was performed with osmium tetroxide over 2 hours. The tissue was washed 
again in the buffer, dehydrated through alcohol and via propylene oxyde 
embedded in Epon 812. 
Semi-thin (0.5 \xm) and ultra-thin (70 nm) sections were made with glass knives on 
a LKB ultramicrotome. The semi-thin sections were stained with toluidine blue 
for light microscopic screening of the blocks. The thin sections were stained 
with uranyl acetate and lead citrate and examined in a Philips EM 300 
microscope. 
For scanning electron microscopy (SEM) 2μπι sections of paraplast embedded 
tissue were treated with toluene for 30 minutes in order to dissolve the 
embedding medium. The toluene was washed away in ethanol and the sections 
were critical point dried according to the method of Anderson (138). The 
specimens were coated with a gold layer of approximately 20 nm. The SEM 
preparations were studied with a Philips PSEM 500 microscope (12 KV, spot size 
16-64 nm) 
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3.3 Results 
3.3.1 Cortisone treatment for 3 and 3.5 weeks 
In the lungs of rats treated for 3 or 3.5 weeks, no Pneumocystis could be found 
in the semi-thin sections; also spots with thickened interalveolar septa or 
otherwise abnormal lung tissue were not seen. The few locations in the 0.5 
mikron sections which showed some undefined debris in alveolar lumina did not 
contain any pneumocysts on ultrastructural examination. 
3.3.2 Cortisone treatment for 6 weeks 
After 6 weeks of cortisone treatment most of the lungs showed on light 
microscopic examination the typical honeycomb-like alveolar fi l l ing. Under the 
electron microscope numerous pneumocysts (fig. 3.1) macrophages and undefined 
cellular debris could be discerned within the alveolar lumen. Numerous vacuoles 
were seen in the macrophages; frequently degenerating pneumocysts or remnants 
like cell walls of the organism were lying in phagocytic vacuoles of the 
macrophages. Disintegrating macrophages with one or more phagocytized lysed 
pneumocysts were also found. In accordance with earlier ultrastructural studies 
basically two types of pneumocysts were found: thin-walled and thick-walled 
stages. 
Many of the data presented in the following are not entirely new, but in several 
stages exact measurements or new details are reported. Therefore all stages 
found in the material are briefly characterized. 
Thin-walled pneumocysts. 
The f irst type of thin-walled Pneumocystis is a small rounded organism which 
varies in diameter between 1 to 2 μη (fig. 3.2). It contains one nucleus, one 
rounded mitochondrion with lamellar cristae, a number of free ribosomes and 
some lamellae of rough endoplasmatic reticulum (ER) bent around the nucleus. A 
mass of electron-dense material is regularly found within a bell-shaped protrusion 
of the nucleus. Glycogen particles have never been seen in these rounded 
thin-walled pneumocysts. The absence of a Golgi apparatus is a feature common 
to all stages of Pneumocystis. The wall of the small rounded stages consists of 
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two layers: a 7 nm unit membrane at the inner side limiting the cytoplasm and a 
20 nm thick layer of moderately electron dense material at the outside. 
In the lungs of rats treated for 6 weeks with cortisone, more than 90% of the 
organisms belong to the diverse group of large thin-walled pneumocysts. Their 
only common feature is the structure of the wall which has the same basic 
construction as that of the small rounded organisms described above. As a rule 
the wall carries tubular extensions with the same structure as the wall from 
which they originate (fig. 3.3). The lumen of these tubules shows some variation 
in diameter and is often filled with dense granular material. 
In the tissue sections large thin-walled pneumocysts exhibit considerable 
diversity in size, outline and content (fig. 3.1). The maximum diameter measured 
in our material was 8 \xm. The outline of these organisms varies from round or 
oval to very elongated, sometimes with folds, lobes, constrictions or irregular 
protrusions. Cross-sections of large thin-walled pneumocysts may contain a 
nucleus, rough ER membranes, one or more mitochondria, free ribosomes and 
glycogen particles. In some cases two cross-sections of nuclear masses are 
encountered (figs. 3.4 and 3.5). Evidence for nuclear division was also obtained. 
Figure 3.6 shows a spindle with microtubules. These microtubules apparently 
radiate from small aggregates of electron-dense material situated on the two 
opposite poles of the dumb-bell-shaped nucleus. A nuclear membrane is not 
visible during the nuclear division. The variation in cytoplasmic content is also 
demonstrated in the figures 3.7 and 3.8: the large thin-walled stages sometimes 
appear as ghosts with a partially or completely electron transparent interior. 
The third type of thin-walled Pneumocystis organism is a thin-walled parent cell 
containing a number of thin-walled daughter cells. These daughter cells have the 
same form and structure as the rounded free-living thin-walled pneumocysts (fig. 
3.9) or they have a variable outline comparable to that of the free-living large 
thin-walled organisms (fig. 3.10). In the latter case the daughter cells completely 
f i l l the thin-walled parent cell. Frequently the walls of the parent cell is broken 
or degenerating, thus liberating the daughter cells (figs. 3.11 and 3.12). 
Thick-walled pneumocysts. 
The most distinctive ultrastructural feature of thick-walled pneumocysts is the 
architecture of their wall. This is made up of a 7 nm unit membrane bounding 
the protoplasm, a more or less electron-transparent middle layer and an outer 
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The bar corresponds to 0.5 μπι in all figures. 
f ig. 3.1 Alveolus filled with numerous Pneumocystis organisms. 
f ig. 3.2 Small rounded thin-walled pneumocysts. 
f ig. 3.3 Thin-walled Pneumocystis. Note the tubular extensions from the 
wall (arrow). 
f ig. 3.4 Thin-walled Pneumocystis with two nuclear masses and a 
lobulated outline. 
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fíg. 3.5 Thin-walled pneumocyst with two nuclei. 
f ig. 3.6 Nuclear division in a thin-walled Pneumocystis. 
f ig. 3.7 Ghost of a thin-walled pneumocyst. 
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f ig. 3.8 Thin-walled pneumocyst with large electron-transparent spaces. 
f ig. 3.9 Thin-walled parent cell with small round daughter cells. 
f ig. 3.10 Thin-walled parent cell with large daughter cells. 
f ig. 3.11 Liberation of large daughter cells from thin-walled parent cell. 
f ig. 3.12 Liberation of small round daughter cells from thin-walled parent 
cell. 
f ig. 3.13 Thick-walled Pneumocystis: a precyst stage with several 
mitochondria and nuclear aggregates. The arrow indicates a 
centriole- like structure at one side of a nucleus. 
f ig. 3.14 Precyst with radiating microtubules in a spindle; 5 electron 
dense granular masses can be distinguished, which are probably 
chromatin. 
f ig. 3.15 The formation of daughter cells in a thick-walled parent cell; 2 
nuclei and 3 areas with microtubules are visible. The membranes 
which separate the nuclei are in contact with the plasma 
membrane of the parent cell. 
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layer of electron dense material. A second characteristic of thick-walled stages 
is their involvement in reproduction; all thick-walled organisms in our material 
showed some ultrastructural evidence of multiplication. Those with completely 
separated daughter cells are called cyst stages; the organisms in the process of 
daughter cell formation are referred to as precysts. Figure 3.13 shows a typical 
precyst. The precyst is oval to round and can measures up to 5 pm. The 
thickness of the middle layer of the wall varies from approximately 10 to 50 nm. 
FocaTly this layer may show an increased thickness (fig. 3.13). The outer layer of 
the wall carries tubular extensions and has the same structure as that of the 
large thin-walled stages; this layer has a minimal thickness of 20 nm. The 
precysts are either completely or for the greater part filled with cytoplasm and 
can contain cell organelles such as nuclei, mitochondria, free ribosomes, rough 
ER membranes and glycogen particles. In figure 3.14 one pole of a spindle can be 
seen; microtubules with a diameter of approximately 23 nm radiate from a small 
electron dense structure. Some of these microtubules stretch over 1 pm and some 
seem to be attached to electron dense granular aggregates which possibly 
represent chromatin. After nuclear division, the aggregates of nuclear material 
with some cytoplasm become separated by unit membranes invaginating from the 
plasmalemma of the precyst. This is shown in figure 3.15 where 2 nuclear masses 
and 3 areas with microtubules are visible.The future daughter cells are formed in 
this way (fig. 3.16). During the further development of the separated daughter 
cells electron-dense material is deposited on the unit membrane thus forming the 
final cell wall. 
The cyst stages measure between 4 and 5 μιπ. Their wall shows more variation in 
thickness than that of the precyst. Middle layers ranging from 40 up to 70 nm 
and outer layers from 20 to 50 η m were measured. The thickness of the middle 
layer is focally increased as described for precysts (fig. 3.17). 
Tubular extensions from the electron-dense outer layer are generally present in 
low numbers. 
Apart from the newly formed daughter cells, the cysts also contain a variable 
amount of cytoplasmic remnant material with organelles such as rough ER 
membranes mitochondria, ribosomes and glycogen particles. Electron transparent 
areas become evident which can increase in size to such an extent that only a 
small rim of cytoplasm is left adhering to the inner membrane of the parent cell 
(fig. 3.18). Usually the daughter cells are rounded with a diameter of 1-2 μιη. 
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They have identical ultrastructural characteristics as the small round thin-walled 
stages. In addition, microtubules with a diameter of 20-26 nm have been found 
beneath the inner membrane (139). Also centriole-like electron-dense structures 
are found at one side of the nucleus with fibril lar elements extending from these 
structures towards the nuclear membranes (fig. 3.16). Some thick-walled 
pneumocysts contain daughter cells which are crescent- or banana-shaped (figs. 
3.18 and 3.19). These daughter cells can reach a very high degree of electron 
density, thus obscuring the ultrastructural details; a nucleus, a mitochondrium, 
rough ER lamellae and ribosomes can be found however. I t can regularly be 
observed that daughter cells in thick-walled pneumocysts are interconnected by 
thread like structures (fig. 3.17). Scanning electron microscopy also shows that 
the daughter cells are connected with each other and with the wall of the 
parent cell (fig. 3.20). 
Very rarely thick-walled pneumocysts are found with pleomorphic, large 
thin-walled daughter cells; these f i l l up completely the interior of the parent 
cell, as is the case with thin-walled parent cells containing this type of daughter 
cells (fig. 3.21). After liberation of the daughter cells, a thick-walled ghost 
remains which often is crescentic in shape (fig. 3.22); also U-shaped, circular or 
sickle-shaped cross sections of empty thick-walled organisms can be found. 
3.3.3 Cortisone treatment for 4 weeks 
No structural alterations of the interalveolar septa are observed in the lungs of 
the rats treated for 4 weeks with cortisone acetate. Locally there are great 
numbers of macrophages in the alveolar lumen. These macrophages show a 
smaller number of phagocytic vacuoles and l i t t le sign of disintegration when 
compared to those found in rats treated for 6 weeks. The total number of 
Pneumocystis organisms in the lungs of this group of rats is low; small clusters 
of large thin-walled pneumocysts are present, mostly situated along the alveolar 
septa. Thick-walled organisms are very rare at this stage of the infection. One 
empty thick-walled cyst was however found with a clump of rounded small 
thin-walled pneumocysts showing a high degree of electron-density in all cellular 
components (fig. 3.23). 
The presence of thin-walled pneumocysts inside the alveolar epithelial cells is of 
special significance in this group of rats. In figure 3.24 a small round thin-walled 
organism is shown which apparently lies free in the cytoplasm of the host cell. 
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f ig. 3.16 A thick-walled Pneumocystis with almost completely developed 
daughter cells. The arrow indicates a centriole-like structure at 
one side of a nucleus. 
f ig. 3.17 Completely developed daughter cells in a thick-walled 
pneumocyst. 
f ig. 3.18 Crescentic or banana-shaped daughter cells in a thick-walled 
pneumocyst. Note that the daughter cells are very electron dense. 
f ig. 3.19 Crescentic daughter cells with an intermediate electron density 
of the cytoplasmic matrix. 
f ig. 3.20 Scanning micrograph illustrating thread-like structures between 
daughter cells and the wall of the parent cell. 
f ig. 3.21 Thick-walled Pneumocystis with growing daughter cells. 
f ig. 3.22 A crescent-shaped thick-walled pneumocyst after liberation of 
the daughter cells. 
f ig. 3.23 A collapsed thick-walled pneumocyst and electron dense rounded 
thin-walled organisms. 
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Two thin-walled stages of the same type are present just outside this cell. The 
wall of the intracellular pneumocyst is thinner than that of the extracellular 
organisms. More frequently however, large thin-walled organisms are found inside 
epithelial cells either individually or in small groups (fig. 3.25). These organisms 
are always separated from the cytoplasm of the host cell by a membrane. These 
pneumocysts do not show any sign of cytoplasmic degeneration. 
Small groups of large thin-walled pneumocysts were seen in between alveolar 
cells and apparently situated in the framework of the interalveolar septum (fig. 
3.26). The walls of these organisms are covered with cell material containing 
granular and vesicular elements. 
3.3.4 Serial sectioning 
Serial sections were made from a lung of a rat treated with cortisone for 4 
weeks. The results of the serial sectioning were selected according to the 
following criteria: 
- a pneumocyst has to be present in at least 10 sections in fair shape; 
- the total series of sections span 2 micrometers or more. 
The average thickness of the sections was 70 nm. About 35% of the contents of 
2 μπι region is represented in the micrographs of the 10 sections; if these 
sections are taken at more or less regular distances, only very small cellular 
structures will be missed. 
Table 3.1 87 thin-walled Pneumocystis organisms in serial ultrathin sections. 
nucleus absent 
one nucleus 
two nuclei 
nucleolus 
double cells 
no contents 
no. observed 
12 
71 
4 
55 
8 
2 
% of total 
13.8 
81.6 
4.6 
63.2 
9.2 
2.3 
Sixteen organisms, including those without contents, were sectioned completely. 
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Of the organisms found in small groups throughout the alveoli, 87 could be 
selected. Sixteen of these were completely sectioned. The most prominent 
findings of this experiment are shown in table 3.1. 
About 80% of the thin-walled organisms contain one nucleus and in 77% of these 
nuclei a dark area resembling a nucleolus was found. Pneumocysts without a 
nucleus were observed frequently, but only 3 of these organisms were completely 
sectioned. Organisms without any contents were only found incidentally. 
Pneumocysts with two nuclei were also present in low numbers. The term "double 
cells" refers to all those organisms with two masses of cytoplasm connected 
through a more or less narrow isthmus (figs. 3.27 and 3.28). As demonstrated in 
figure 3.4, this phenomenon might represent binary fission of the thin-walled 
Pneumocystis. In some instances however a nucleus has only been encountered in 
one of the two parts (fig. 3.27) while in other cases two nuclei were present in 
one lobe of the organism (fig. 3.28). 
3.3.5 Distribution patterns of pneumocysts in the lung 
In the heavily infected lungs of rats treated for 6 weeks with cortisone acetate, 
all the different stages of Pneumocystis were found intermingled in massive 
aggregates, completely filling up the alveolar lumen. Especially, the large 
thin-walled stages were often encountered in close contact with the alveolar 
epithelial cells. These stages have also been found in the interstitial space. One 
small rounded thin-walled pneumocyst was seen in the lumen of a lung capillary. 
The numerous macrophages apparently phagocytize both thick and thin-walled 
stages. 
The lungs of the rats treated for 4 weeks were completely devoid of the tightly 
packed aggregates of pneumocysts. As became clear especially from the serial 
sections, the organisms were loosely arranged in some alveoli which contained 
several tens of pneumocysts. In other alveoli however, very small numbers of 
thin-walled stages were lying as if they were compressed against the alveolar 
lining: sometimes they are partly covered by surfactant. Intracellular 
pneumocysts were exclusively found in the animals treated for four weeks. 
Finally the instillation of the fixation fluid might have influenced the location 
and orientation of cells and pneumocysts in the alveolar lumen. 
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f ig. 3.24 A small rounded thin-walled pneumocyst lying free in the 
cytoplasm of an epithelial cell. Note the reduced thickness of the 
wall compared to that of the similar organisms outside the host 
cell. 
f ig. 3.25 Large thin-walled pneumocysts inside an alveolar epithelial cell. 
The membrane of the parasitophorous vacuole is clearly visible 
(arrow). 
f ig. 3.26 A group of large thin-walled pneumocysts in the frame work of 
the interalveolar septum. Cytoplasm-like material adheres to the 
wall of the organisms, which contains granular and vesicular 
elements. 
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fig. 3.27 
ι 
Serial sections of a thin-walLed Pneumocystis. The section 
numbers for A,B, and С are 1, 5, and 17 respectively. 
Serial sections of a thin-walled pneumocyst. A, B, C, D and E 
represent section numbers 1, 3, 7, 9 and 19 respectively. 
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Scheme 1. TKECK-WALLED CYCLE' 
64 1 (Ä 
Scheme 2. ТНШ-WALLED CYCLE 
Scheme 1. The thick-wailed сусДе 
1. Small round thin-walled pneumocyst 
2. Large thm-walled pneumocyst 
3. Ptecyst 
4. Τ hick-walled stage with round daughter cells 
5. Crescent-shaped cyst with free daughter cells 
6. Thick-walled cyst with électron d^rcy crescentic 
daughter cells 
7. Thick-walled pneutiocyst with large daughter cells 
Θ. Liberation of (faughter cells from thick-walled cyst 
Scheme 2. The thin-walled cycle 
1. Small round thm-walled pneumocyst 
2. Large thm-walled pneumocyst 
3. Huttmucleated thm-walled pneumocyst 
4. Thm-walled pneumocyst with small round daughter cells 
5. Thin-walled pneumocyst with large (feughter cells 
6. Liberation of daughter cells from thm-walled pneumocyst 
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3.4 Discussion 
The initiator! of the infection with Pneumocystis was studied in rats treated with 
cortisone for 4 weeks. In animals treated for shorter periods, no pneumocysts 
were found. From our results i t is still not clear how the infection develops; the 
intracellular development of thin-walled stages might however play a role in this 
process. 
Schemes 1 and 2 summarize our interpretation of the results with regard to the 
extracellular developmental cycle of Pneumocystis. The division into two 
separate cycles is obviously artificial; the small round and large thin-walled 
stages are shared by both cycles. It is quite possible that another developmental 
stage is common to both cycles. For instance in scheme 1 the step from large 
thin-walled organism to precyst is grossly simplified. In fact a limited number of 
organisms has been found with ultrastructural characteristics intermediate 
between large thin-walled stages and the thick-walled precyst stage. One or 
more of the following features were prominent in these thin-walled intermediate 
forms: rounding up to an almost perfect circular outline, one giant nucleus (1.5 
μπι), aggregation of mitochondria, enrichment in glycogen particles, loss of 
nuclear envelope and cytoplasmic vacuole formation. Such an intermediate stage, 
in literature called thin-walled precyst (140), could also f i t into the thin-walled 
cycle before daughter cell formation. However, evidence for nuclear division and 
separation of daughter cells by the invaginating plasmalemma was up to now 
exclusively encountered in thick-walled precysts. In scheme 2 a developmental 
stage similar to the precyst is lacking; from the results presented in this paper i t 
cannot be concluded whether daughter cell formation within thin-walled 
organisms starts with the multiplication of nuclei as depicted in scheme 2, or 
parallel to the development within thick-walled precysts as described above. 
Recently the possibility of a sexual cycle in the thick-walled stages has been 
raised, based on the observation of synaptonemal complexes in precysts (140). 
These complexes are considered indicative for meiosis although exceptions in 
myxomycètes have been described (141). This would label the round daughter 
cells as haploid organisms. Consequently this would require conjugation between 
thin-walled pneumocysts lateron during development; this possibility was already 
left open by some authors (24, 25) as an interpretation of the micrographs of 
presumed binary fission (fig. 3.4). 
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Daughter cell formation within thin-walled pneumocysts has recently been 
confirmed by others (142, 143). The term endogeny was suggested for this 
replication mechanism (143). Although details of this process are stil l obscure, 
the evidence for this multiplication is ample in our material. The discrepancy 
between the large numbers of thin-walled pneumocysts and the relatively small 
numbers of thick-walled organisms in heavily infected lungs can be explained by 
the contribution of the thin-walled cycle to the total number of organisms. 
The small round daughter cells occupy a central position in both cycles. Their 
development and release from parent cells is evident from clear micrographs in 
numerous papers. Their development into the pleomorphic thin-walled 
pneumocysts can safely be concluded from transitional forms regularly observed 
along the interalveolar septa in moderately infected lungs. It is more difficult to 
explain the presence of a small round Pneumocystis organism within the lumen of 
a lung capillary. In our material no indications could be found for the passage of 
any organism through the walls of capillaries. The observations of disseminated 
Pneumocystis infections in literature (46-52) have not been documented with 
electron microscopical techniques. Therefore i t is still uncertain whether small 
round pneumocysts are capable of penetrating the capillary wall or whether 
dissemination of Pneumocystis is the result of damage to the lung tissue in heavy 
infections causing leakage of the organisms from the alveolar lumen to the 
circulation system. 
The observation of the small round pneumocysts lying free in the cytoplasm of 
host cells should also be interpreted with great caution. Unlike the engulf ment of 
Pneumocystis by macrophages, i t has never been observed how the organism 
enters into the pneumocyte. The fact that a parasitophorous vacuole membrane is 
lacking, makes i t tentative to infer that the organism penetrates actively 
through the cell wall of the pneumocyte. Speculations based on comparative 
ultrastructural morphology are inadequate, because Pneumocystis apparently has 
no specialized organelles such as the adherence and penetration organelles of the 
Apicomplexa. Some interaction with the host cell cytoplasm seems to occur. The 
cell wall of the intracellular round thin-walled organism is thinner than that of 
similar extracellular pneumocysts (fig. 3.24). The outer layer of the pneumocyst 
might be partly stripped off during interiorization as has been described for 
Plasmodia! merozoites during penetration in erythrocytes (144, 145); i t is also 
possible that the wall is partly dissolved lateron by the action of cytoplasmatic 
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enzymes of the host cell. 
The large thin-walled pneumocysts have repeatedly been encountered in small 
groups in the cytoplasm of pneumocytes; in all cases these intracellular 
organisms were clearly surrounded by a membrane. Spindle formation or other 
indications for nuclear division were not seen in intracellular pneumocysts. It is 
therefore not clear whether Pneumocystis performs intracellular multiplicaton; 
multiple interiorization might be an alternative explanation for the groups of 
intracellular thin-walled organisms. In our material no indications have been 
found for intracellular breakdown of pneumocysts in alveolar epithelial cells. 
This might be interpreted as an indirect argument for intracellular development 
of Pneumocystis. Another, even more speculative argument in favor of this 
development might be derived from micrographs as presented in figure 3.26. The 
group of large thin-walled pneumocysts fits nicely in the framework of the 
interalveolar septum, as i f replacing an alveolar epithelial cell. Remnants of 
cytoplasm are present on the surface of the organisms. The liberation of 
Pneumocystis organisms from a degenerated alveolar cell seems a plausible 
interpretation of the observed phenomena. If this interpretation is correct, direct 
pathogenicity of Pneumocystis would have been proven to occur early in 
infection in addition to the injury caused by adherence of the organism in 
massive infections (124). Intracellular development has never been described at 
the ultrastructural level in human infections, nor in animal species other than 
foals (60). 
Pneumocystis possesses rather few cellular organelles. Apart from its typical 
wall structure and the bizarre outline with its numerous folds, lobes, 
invaginations and tubular wall extensions, no specialized characteristic structures 
have been found. This is one reason for the defective understanding of some 
phases of the life cycle such as the earlier mentioned interiorization into host 
pneumocytes and the transmission to another host. The thick-walled pneumocysts 
with the crescent shaped electron dense daughter cells (fig. 3.18) might be 
involved in transmission although some authors described these stages as 
degenerative forms (16, 24). 
The results of the serial sectioning reveal very clearly that the number of 
organisms without any contents is extremely small. This is true at least in the 
animals treated for 4 weeks with cortisone. In cases of heavy infections the 
percentage of ghost pneumocysts might be higher. The number of organisms with 
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two connected cytoplasmic masses was surprisingly high, considering the low 
numbers found in routine single sections. 
The majority of the pneumocysts submitted to serial sectioning, was not 
sectioned completely. As a result the numbers given for double cells and for the 
presence of nuclei and nucleoli are underestimations of the real numbers, while 
the organisms without nulcei are overestimated. 
Taking the above into consideration and the fact that presence of nuclei is 
indicative of living cells, i t can be stated that a very high percentage of 
Pneumocystis in moderate infections consists of living organisms. 
On the other hand a remarkable paucity of cytoplasmic elements can be noticed 
in thin-walled pneumocysts, even if they contain two nuclei (fig. 3.28). I t is not 
clear whether this is due to ineffective fixation. 
In our material no ultrastructural novelties have been found which could settle 
the taxonomie position of Pneumocystis. Such evidence was claimed in a recent 
freeze-fracture study on Pneumocystis in rats (146). The authors described the 
freeze-fracture structure of the wall layers; the distribution of membrane 
particles in the cyst wall was interpreted as very similar to that in merozoites 
of Plasmodium knowlesi (147). It was concluded that Pneumocystis is a protozoon 
and pressumably belongs to the Rhizopoda according to the recently revised 
classification of the protozoa (148). 
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CHAPTER 4 
Observations on the epidemiology of Pneumocystis in rats 

C H A P T E R 4 
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4.2.1 Naturally occurring Pneumocystis infections 
4.2.2 Experimentally induced infections 
4.2.3 Natural and experimental transmission 
4.3 Results 
4.3.1 A naturally infected rat colony 
4.3.2 Experimentally induced infections 
4.3.3 Transmission 
4.4 Conclusions and discussion 
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4.1 Introduction 
The rat was chosen as the model for studies on infections with Pneumocystis. 
This choice was mainly based on practical considerations. Since infections with 
Pneumocystis can easily be provoked in rats (78), i t seemed logical to assume 
that Pneumocystis is a common micro-organism in this host and thus a reliable 
source of material for our studies. 
The direct motive for the epidemiologic studies on naturally occurring infections 
was the finding of Pneumocystis in a SPF Wistar rat colony. In one such colony 
at the Central institute for the Breeding of Laboratory Animals TNO Zeist (The 
Netherlands), widespread mild pneumonia was recorded in the monthly report of 
the Institute. At routine autopsy, perivascular cuffs were found in the lungs of 
rats two to four months old. The affected animals did not show any overt signs 
of pneumonia and were otherwise healthy. The causative agent was not 
identified. 
In a pilot experiment 20 rats from different litters were selected from this 
colony. ATI animals were 12 weeks old. In 18 rats of this group we demonstrated 
thick-walled pneumocysts in smears of lung homogenates. Because of these 
limited results this SPF colony was reckoned a possible model for epidemiologic 
observations on spontaneously developing infections with Pneumocystis. 
In two population samples the incidence of Pneumocystis was studied in relation 
to the age of the rats. Also the occurrence of histologic lung alterations and the 
presence of specific an ti-Pneumocystis antibodies in the sera were recorded. 
In addition a small number of rats from this colony were studied longitudinally 
for periods up to 12 months. 
The results of the experimentally induced infections with Pneumocystis are 
presented. These infections were routinely induced at the Central Animal 
Laboratory, Catholic University, Nymegen and provided the organisms for various 
experiments. This enabled us to collect data over a number of years. Some 
environmental parameters were checked in order to detect any influence on the 
fluctuations in the numbers of infections found. 
Two types of transmission experiments have been performed. Spontaneous 
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transmission through contact and the transplacental route was followed in the 
offspring of infected conventionally bred mothers. We also tried to transmit 
Pneumocystis experimentally by inoculations of organisms into rats. In contrast 
to studies by others (88, 99) we performed these experiments under strict germ 
free conditions. 
4.2 Animals and methods 
4.2.1 Naturally occurring Pneumocystis infections 
Composition of the samples. 
Two population samples of 100 and 90 animals respectively, were studied in the 
earlier described SPF Wistar rat breeding colony; the two samples were collected 
with an interval of six months. 
Both samples were composed of groups of 10 animals from each age group. The 
rats of an age group were obtained from ten different litters. The first sample 
consisted of 10 age groups as indicated in table 4.1. The composition of the 
second sample was slightly modified due to the distribution of pneumocysts in the 
first one. The neonate and 2 week old animals were left out and an additional 
group of 14 week old rats was included. 
Table 4.1. Composition of the population samples of the SPF Wistar rat colony. 
Numbers of rats per age group. 
age in weeks 0 2 3 4 б 8 10 12 14 16 26 
sample 1 10 10 10 10 10 10 10 10 - 10 10 
sample 2 - - 10 10 10 10 10 10 10 10 10 
Total 10 10 20 20 20 20 20 20 10 20 20 
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Collecting material from the animals. 
The rats were bled by cardiac puncture under ether anaesthesia; from the 
neonate rats blood was collected by decapitation under anaesthesia. Serum was 
prepared and stored as described in paragraph 2.3. 
The lungs of the rats from the first sample were dissected from the thoracic 
cavity and a small portion was homogenized for parasitologic examination. The 
remaining part was fixated by submerging in formaline 3.5%; further histologic 
processing was preformed as delineated in paragraph 2.4. The lungs of the 
animals from the second population sample were processed exactly as described 
in paragraph 2.4. Sections of the lung tissue were studied after routine 
hematoxylin-eosin staining (149). 
4.2.2 Experimentally induced infections 
Massive infections with Pneumocystis were routinely induced in conventionally 
bred Wistar rats according to the protocol presented in paragraph 2.2; the lungs 
of these animals were processed in the standard way (2.4). 
4.2.3 Natural and experimental transmission 
Strict germ free conditions for the breeding of Wistar rats were realized in 
plastic isolator balloons with air pressure slightly elevated over atmospheric 
conditions. The air inlet of every individual balloon was provided with sterilizing 
fi lters. The isolators were equiped with air locks and plastic arms-and-gloves at 
opposite sides for the introduction, removal and manipulation of materials. 
In some experiments rats were housed individually in cabinets with sterile 
horizontal air flow. The cages were placed at intervals of at least 20 cm in 
order to prevent any contact between the animals. 
Foster mothers were needed for some transmission experiments. These rats were 
mated one day earlier than the mothers of the offspring used in the experiment. 
Germ free offspring was derived by hysterectomy outside the isolator and the 
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neonates were freed from the uterus inside the isolator. 
4.3 R esults 
4.3.1 A naturally infected rat colony 
The lung homogenates of all the animals were stained according to the silver 
methenamine method. At least 200 microscopic fields in two parallel slides were 
examined before a homogenate was considered negative for thick-walled stages 
of Pneumocystis. The magnification factor of the microscope during the 
screening was 400. 
In the first population sample thick-walled pneumocysts were found in very high 
frequencies in the age groups of 10, 12 and 16 weeks. A somewhat different 
result was recorded in the second sample; low numbers of positive rats were seen 
in the age groups of 8 and 10 weeks, high numbers in those of 12 and 14 weeks 
and in 50% of the 16 week old animals (table 4.2). 
The numbers of thick-walled organisms varied considerably. In some smears of 
lung homogenates less than 10 pneumocysts could be found in 200 microscopic 
fields. In other rats some organisms were present in each microscopic field 
examined. 
Table 4.2 Occurrence of thick-walled pneumocysts in the SP F rat colony 
age in weeks 6 8 10 12 14 16 26 
sample 1 0 0 9 8 - 8 0 
sample 2 0 2 4 8 7 5 0 
% pos.of total 0 10 65 80 70 65 0 
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Description of the histologic alterations in the lungs 
The macroscopic aspect of the lungs was considered normal in all the animals of 
both population samples. 
Paraplast sections of approximately 4 μιη thickness were studied after routine 
hetnatoxylin-eosin staining (149). 
In some rats abnormalities in the lung sections were already evident at low 
magnification (fig. 4.1). At higher magnification i t became obvious that cellular 
infiltrates were mainly located around veins, forming so-called perivascular cuffs 
(fig. 4.2). The intensity of the inflammatory reactions, roughly estimated by the 
numbers of cells involved in the infiltrates, varied considerably within the 
sections of individual rats and between the different animals of an age group. 
Both the numbers of infiltrates and the diameter of the cuffs in a section 
showed wide variation. Zones with constant high or low incidence of infiltration 
could not be identified. 
In all animals with lung alterations, cells of lymphatic origin and monocytes were 
involved in the infiltrations. Polymorphonuclear leukocytes were also found in 
most affected lungs. In some of these animals eosinophils were the predominant 
type of leukocytes. In a very limited number of animals plasma cells could be 
demonstrated. 
In cases of more heavily infiltrated lungs, moderate interstitial involvement of 
the infiltration was noticed. 
Partial "atelectasis" of the alveoli obscured minor infiltrations in some of the 
rats in the first population sample. This was never observed in the second 
population sample were instillation fixation was used. The "atelectasis" was 
apparently due to the immersion fixation used in the f irst sample. 
Another frequent finding in the rats of both samples were high numbers of large 
rounded cells lying free in the alveolar lumen. Most of these cells had numerous 
cytoplasmic vacuoles and were considered as active alveolar macrophages. They 
were found in restricted areas, especially around the infiltrated sites (fig. 4.3). 
On account of the observations above we defined the parameter for the 
assessment of lung pathology in the population of rats. Histologic lung alterations 
were defined as cuffs of more than one cell-layer around a number of veins 
and/or apparent interstitial infiltration resulting in a significant increase in 
thickness of the interalveolar septa. Rats with only an increase in the number of 
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' ^¿ , ""*" ' fig** 
f ig. 4.1 Histopathologic changes in the lung of a 10 week old rat, 
naturally infected with Pneumocystis. HE 27 χ 
f ig. 4.2 Perivascular infiltrate in detail. HE НО χ 
f ig. 4.3 Alveolar macrophages in the lumen of alveoli around a 
perivascular infiltrate. HE 280 χ 
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active macrophages in the alveoli were disregarded. 
The occurrence of histologic alterations in the lung. 
In the neonate and suckling rats no interstitial or perivascular infiltrates were 
found. Very mild alterations were seen in one 4 week old rat and in two 6 week 
old animals of the f irst population sample. Both samples showed very similar 
results in the age groups of 8 to 16 weeks. In two of the 26 week old animals 
mild infiltrations were demonstrated. These results are presented in table 4.3. 
Table 4.3 Occurrence of histologic alterations in the lung. 
2 3 4 6 8 10 12 14 16 26 
0 0 1 2 5 6 9 - 10 2 
0 0 0 4 6 10 9 9 0 
0 0 5 10 45 60 95 90 95 10 
The majority of the lung alterations consisted of both perivascular and 
interstitial infiltrations. 
Histologic alterations in this lungs were noted in 73 of the 190 rats (table 4.3) 
whilst in only 51 of them could thick-walled Pneumocystis be demonstrated 
(table 4.2). 
In the group of 51 animals with Pneumocystis, 48 had frank infiltrations in their 
lungs. The remaining three animals belonged to the age group of 10 week old 
rats from the first population sample. 
age in 
weeks 
sample 1 
sample 2 
% of total 
examined 
0 
0 
-
0 
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Detection of antibodies specific for Pneumocystis. 
Antibodies directed specifically against Pneumocystis were detected with the 
indirect immunofluorescence assay (IFA) as described in paragraph 2.6. 
The sera to be tested were diluted in PBS in two-fold dilution steps. 
Appropriate negative controls were obtained by including PBS instead of serum. 
Occasional weakly positive reactions were seen in ten fold diluted sera from 20 
germ free rats. Therefore positive reactions in dilutions up to 1:20 were 
considered as non-specific background. 
Results are given as titers, representing the highest serum dilution with clear 
fluorescence. Serum dilutions of 1:20 up to 1:320 have been tested routinely. 
The reproducibility of the IF A results was tested by comparing the titers of 349 
duplicate tests. 
The difference of one dilution step between duplicate tests was considered 
acceptable. 
The reproducibility of the tests under the described conditions was estimated to 
be 93«. 
Occurrence of antibodies specific for Pneumocystis 
The distribution of the IF A titers equal to or higher than 1:40 among the rats 
of the two population samples of the SP F breeding colony is presented in table 
4.4. Unlike the parasitologic and histologic data the positive serologic results 
are distributed throughout the population in both samples. Only in 6 and 8 week 
old animals were no positive titers found. Limited numbers of positive tests 
were recorded in neonate and very young rats. From 10 weeks on increasing 
numbers of rats had anti-pneumocystis antibodies. In the first population sample 
all animals were positive at 12 weeks, while in the second sample this 
development was less pronounced. 
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Table 4.4 The presence of antibodies specific for Pneumocystis 
IF A titers equal to or higher than 1:40. 
age in weeks 
sample 1 
sample 2 
% pos. of total 
0 2 3 4 б 8 10 12 14 16 26 
2 1 0 1 0 0 4 10 10 10 
1 3 0 0 2 5 10 9 10 
20 10 5 20 0 0 30 75 100 95 100 
The percentual distribution of the positive parasitologic, histologic and serologic 
findings are compiled in figure 4.4. 
% 
100· 
50 
• parasitology 
о histology 
• serology 
i—0—£" 
age (weeks) 
f ig. 4.4 The percentual distribution of positive parasitologic, histologic 
and serologic findings of age groups in a SP F rat colony, 
naturally infected with Pneumocystis. 
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Longitudinal observations in ageing rats. 
As an extension of the observations described above, 40 ageing Wistar rats from 
the same SP F breeding colony were studied. These animals were housed under 
conventional conditions from 6 months onwards. Groups of 8, 16 and 16 rats 
were bled at the age of 8, 10 and 12 months respectively. Of these 40 animals 
only one 8 month old rat harboured thick-walled pneumocysts in the lung. In this 
rat and 4 others of the 8 month old animals small perivascular infiltrates were 
found; 3 of the 16 animals autopsied at 10 months also showed some signs of 
infiltrations but in none of these cases to an extent as was found in the 4 
month old animals in the two population samples. 
IF A titers were determined in the serum of the 40 autopsied rats; in addition 
from some of the animals blood samples were collected longitudinally. In these 
blood samples also anti-pneumocystis antibody titers were determined. 
The number of positive IF A results are presented in table 4.5 and the 
percentual distribution in figure 4.5. While in the younger age groups titers of 
1:80 and 1:160 were predominant, all the 12 months old rats had negative or 
1:40 titers. 
Table 4.5 Distribution of positive IF A titers in ageing rats. 
Number of positive titers/number examined. 
age in months 7 8 10 11 12 
blood samples 15/18 7/10 8/10 6/8 
autopsies 6/8 16/16 4/16 
4.3.2 Experimentally induced infections with Pneumocystis 
Infections with Pneumocystis have been provoked in varying numbers of rats. 
The number of animals used, depended on the need for suspensions of 
pneumocysts but was also directly influenced by the efficacy of the induction 
procedure. If a high percentage of the animals responded to the cortisone 
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% posit ive IFA 
1 0 0 -
5 0 -
— ι 1 1 1 1 1 тг 
6 8 10 12. 
— > age in months 
f ig. 4.5 The percentual distribution of anti-pneumocystis IFA titers in 
ageing rats. The numbers examined are 18, 18, 26, 8 and 16 
respectively. 
treatment with the development of massive infections, then a limited number of 
rats would be adequate for the supply of pneumocysts for experimental 
purposes. 
The environmental conditions during the cortisone treatment were rather 
constant. In the animal quarters of the Central Animal Laboratory the 
temperature of the air was kept between 20° and 230C; only during hot summer 
days temperatures up to 280C have been measured. The relative humidity was 
kept between 50 and 60%. 
The efficiency of the cortisone treatment has been expressed as the percentage 
of animals which developed infection with Pneumocystis. In addition the 
percentage of heavily infected animals has also been recorded. The criterion for 
this distinction was the number of thick-walled organisms in lung smears stained 
with Grocott's silver methenamine method. Animals with more than 10 
thick-walled pneumocysts in each microscopic field (magnification 400 x) were 
considered heavily infected. 
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f ig. 4.6 The percentages of infected rats as well as heavily infected ones 
after cortisone treatment. The numbers examined in the years 
1973-1980 are respectively 20, 70, 60, 50, 445, 350. 
In figure 4.6 the percentages of all the infected rats and the heavily infected 
ones are shown. No data are available for the year 1978. It is clear from the 
graph, that the efficiency of the cortisone treatment had seriously decreased 
during the years 1979 and 1980. This decrease has been worked out in detail 
(fig. 4.7). 
The diagram clearly shows a sharp drop in the percentage of infected animals 
from August 1979 onwards until October 1980. The yield of heavy infections 
over the same period was markedly reduced. 
Since the rats under cortisone regime were obtained from two suppliers, 
sizeable samples of both rat populations were compared. In the period August 
1979 to the same month in 1980, 247 rats of the Central Institute for the 
Breeding of Laboratory Animals at Zeist were subjected to the cortisone 
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% infections 
100-
time (months) 
The percentages of infected rats as well as heavily infected 
animals during the years 1979 and 1980. The average numbers 
examined per month are 37 in 1979 and 29 in 1980. 
regime. During the same period 244 rats bred at the field station of the Central 
Animal Laboratory of the Ntjmegen University were also used. From the f irst 
group of animals 66% remained without Pneumocystis infections, while ΙΟϋί 
developed heavy and 24% developed light infections. For the Ntjmegen 
population these percentages reached values of 61%, 16% and 23% respectively. 
The effect of some climatologie factors on the prevalence of Pneumocystis in 
rats was examined. 
Extensive measurements of temperature, relative humidity and vapour pressure, 
carried out at the University Compound, were provided by the Royal Dutch 
Meteorological Institute, De Bilt. In figure 4.8 the monthly average values of 
temperature and relative humidity are presented for the years 1977 to 1980. A 
remarkable feature of the graphs are the cold winter months from December 
1978 to Februari 1979. The average pressure of water vapour in the air during 
this cold winter months was 0.65, 0.43 and 0.48 kPa. January and February 1977 
had values of 0.69 and 0.75 kPa, while in December 1979, January and February 
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1980 values of 0.79, 0.56 and 0.73 were recorded. The low relative humidity in 
May 1980 was also remarkable. The average vapour pressure in this month was 
low compared to that of the month of May in the preceding years: 0.80 kPa in 
1980 and 0.92, 1.07 and 1.05 kPa in 1977-1979. The rest of the meteorological 
measurements were similar month for month over the period 1977 to 1980. 
Apr Oct Apr Oct Apr Oct Apr Oct 
1977 1978 1979 1980 
f ig. 4.8 Monthly average values of temperature (0C) and relative humidity 
(*) during the years 1977 to 1980. 
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4.3.3 Transmission 
Assessment of the role of special thick-walled stages in transmission. 
The relative numbers of thick-walled stages were determined in 5 rats with 
massive Pneumocystis infections. Equal numbers of microscopic fields were 
compared after staining with HCl Giemsa and silver methenamine. Only 
organisms with clearly visible, nucleated daughter cells were included in the 
results as Giemsa positive Pneumocystis. In order to avoid selection of any 
developmental stage by technical procedures, no enrichment or purification was 
performed. Freshly homogenized lungs were smeared immediately after the 
animals in the terminal phase of their Pneumocystis pneumonia were killed. A 
smal! drop of the ho m ogen ate was smeared as thin as possible. The organisms 
were counted at the edge of the smear where the thickness is minimal. Three 
hundred microscopic fields in each of 3 parallel slides were counted; the area 
covered by a microscopic field was restricted to 0.01 mm2 as described in 
paragraph 2.6. The results are summarized in table 4.6. Apart from the absolute 
counts, the percentages of Giemsa positive pneumocysts have been calculated, 
assuming that results of the silver staining represent all thick-walled organisms 
present. 
Table 4.6 Numbers of thick-walled pneumocysts in lung homogenates. 
Counts in 300 microscopic fields in each of 3 slides. 
Gomori HCl-Giemsa Giemsa % of Gomori 
8610 
7320 
4600 
30990 
9540 
2270 
2190 
1320 
7260 
2130 
61060 15170 25 
rat nr. 
986 
987 
989 
959 
1015 
total 
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Despite the great differences in total counts between the individual rats, these 
results clearly illustrate that about 25% of the pneumocysts visualized in the 
silver staining are viable nucleated daughter cell containing thick-walled stages 
of Pneumocystis. 
The percentual distribution of crescent, rounded and intermediate shaped 
daughter cells in the cyst stages was in these five animals of the same order as 
in those of table 2.1. In order to find out whether this distribution changes 
post-mortem through a shift towards one of the types of daughter cells, lobes of 
the lungs of a very heavily infected rat were placed in a petri dish with sterile 
saline. In the smears prepared after 6 days no intact pneumocysts could be 
found after Giemsa staining; the silver methenamine impregnation however 
stained normal numbers of thick-walled organisms. The same result was seen in 
lungs of another rat at 48 hours after death. 
Table 4.7 is a compilation of the observations in two rats at periodic intervals 
pfter their death. The experimental conditons were as described for the 
observations in table 4.6. Any significant changes in the percentual distribution 
of the types of daughter cells was not obvious from the results. 
Table 4.7 Percentual distribution of 3 types of daughter cells within 
thick-walled pneumocysts. 
rat no. 
5838 
5832 
hours after 
death 
0 
6 
18 
0 
24 
round 
52 
50 
59 
53 
60 
intermediate crescent 
18 
18 
16 
15 
11 
30 
32 
25 
32 
29 
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Observations on natural transmission of Pneumocystis 
In the two following experiments the effect of crowding on transmission was 
studied at the time of weaning. 
Experiment 1 
The occurrence of Pneumocystis in the weanling rats was studied in the SPF 
breeding colony at Zeist. For this purpose 10 male and 10 female rats of 20 
different litters were collected at weaning (21 days), transported in f i l ter boxes 
to the Central Animal Laboratory in Nijmegen and placed together in one 
isolator under strict germ free conditions. At the age of 10 weeks all animals 
were autopsied; 18 animals harboured Pneumocystis. The two animals without 
Pneumocystis had no signs of lung alterations and their IF A titers in the serum 
were below 1:20. All 18 animals with Pneumocystis had positive IF A titers. In 
two of these rats no histopathologic changes were found in the lung sections. 
Experiment 2 
As an extension of the f irst experiment, weanling rats of conventionally bred 
mothers were raised individually under germ free conditions. Pneumocystis was 
demonstrated in the smears of lung tissue of two mothers from a group of 
eleven. The offspring of these two mothers, 14 animals in total, were housed 
individually in cages placed in the horizontal flow of germ free air in a laminar 
flow cabinet. These 14 rats were maintained under strictly germ free conditions 
until they reached the age of 12 weeks. At that time Pneumocystis was found in 
3 animals; these rats had obvious perivascular infiltrations in the lungs. Also 3 
of the 11 animals without thick-walled pneumocysts in the smears had overt 
infiltrations. In the remaining 8 rats no evident infiltrations could be found. 
Low positive IFA titers could be detected in the serum of 4 animals; only one 
of these had Pneumocystis in the lung. 
Experiment 3 
The establishment of transplacental transmission of Pneumocystis was the 
subject of the following experiment. 
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This experiment was in fact composed of a whole series of experiments of 
identical design. Offspring of conventionally bred rats harbouring Pneumocystis 
were offered to germ free foster mothers. Many of these experiments failed 
because of one of the following reasons: foster mothers did not accept the 
neonates, none of the natural mothers had apparently Pneumocystis or bacterial 
and fungal infections penetrated the isolation barriers. 
In one of these experiments 3 litters were accepted by their foster mothers; 15 
neonates survived. In two of the natural mothers thick-walled pneumocysts could 
be demonstrated. In the other one the anti-pneumocystis antibody t i ter in the 
serum was 1:320. Therefore the l i t ter of this mother was not excluded from the 
experiment. ATI the young rats were maintained in one isolator until the age of 
12 weeks. No thick-walled pneumocyst could be found in the lungs of these 
animals. In the histologic sections of the lung tissue no signs of infiltration 
were seen. The IF A titers were lower than 1:20 in all animals. 
In another trial high IF A titers were again used as first selection criterion of 
16 breeding animals. In this case three litters were accepted by the G F foster 
mothers; the natural mothers of this offspring harboured Pneumocystis. Bacterial 
contamination eliminated two of the litters from this experiment. In the 
remaining 8 rats exactly the same results were obtained as in the animals of the 
preceding experiment. 
In a third experiment two litters of 10 and 11 neonates respectively were 
successfully offered to G F foster mothers. Both natural mothers had IF A titers 
of 1:320, but in one of them no thick-walled pneumocysts could be found. Both 
litters were raised in one isolator. Again the lungs of all 21 animals were 
devoid of any histologic lung alterations; no organisms could be demonstrated in 
the lung homogenates and no anti-pneumocystis antibodies in the sera. 
Summarizing 44 neonate rats have been studied in these experiments. For 27 of 
these animals i t could be shown that their mothers were infected with 
Pneumocystis; in the mothers of the other 17 rats only specific antibodies 
against Pneumocystis could be demonstrated. In these young rats neither 
Pneumocystis nor lung infiltrations could be demonstrated. 
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Observations on experimental transmission of Pneumocystis 
In a very limited number of germ free rats transmission of Pneumocystis was 
attempted with material from heavily infected cortisone treated rats. 
Blood was collected from heavily infected rats in heparinized syringes. Three 
G F rats were inoculated intravenously with 0.4 ml of this blood. The germ free 
animals were 10 weeks old at the time of inoculation and had been treated with 
cortisone during the two preceding weeks. In these animals no signs of 
Pneumocystis infections could be found at necropsy three weeks after the 
inoculation. 
Also an inoculum of fresh pneumocysts was prepared from 2 rats killed after 6 
weeks cortisone treatment. The inoculum contained 3.10 thick-walled organisms 
per milliliter; 0.5 ml of this suspension was inoculated in each of 6 G F rats at 
the age of 6 weeks. In 3 of these animals the inoculum was applied 
subcutaneously at 2 spots in the back; the other 3 rats were inoculated directly 
into the right lung through the chest wall. All 6 G F animals received the usual 
cortisone treatment during 6 weeks. In another group of 6 G F animals similar 
inocula were instilled through the nose in volumes of 0.1 ml without cortisone 
treatment. In none of these 12 G F animals could thick-walled pneumocysts be 
demonstrated at autopsy. Serologic examinations were not performed. 
Similar experiments with rat inocula via the thorax wall and the nasal route 
into G F nude mice never resulted in Pneumocystis infections. 
4.4 Conclusions and Discussion 
The naturally infected SP F breeder colony. 
In the general introduction (chapter 1) it has already been mentioned that the 
inefficient demonstration of the organism Pneumocystis was the main factor 
prohibiting clear insight into the epidemiologic phenomena. As a consequence 
the data on the occurrence of the organism should be considered as low 
estimates. 
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In three of the rats of one age group in the f irst population sample no 
infiltrations were found, while thick-walled pneurnocysts were present in the 
other lung. Evidently, this might represent the actual situation in those animals; 
infection with Pneumocystis does not necessarily result in lung alterations and 
infection with its possible consequences could be limited to one lung. On the 
other hand, the compression of the lung during the submerging in fixation fluid 
caused multiple folding of the interalveolar septa. This folding resulted in high 
optical density of the tissue in the sections, obscuring minor perivascular and 
especially interstitial infiltrations. Only the perivascular infiltrations as 
presented in figure 4.2 remain obvious because they consist of several layers of 
densily packed intensily stained cells. The occurrence of lung alterations was 
similar in both population samples. 
The simultaneous presence of lung alterations and proven infections with 
Pneumocystis is obvious from figure 4.5. The appearance of lung alterations in 
young animals could be accompanied by the presence of thin-walled stages of 
Pneumocystis. However, the congruency of the graphic recordings of two 
phenomena does not imply a causative relationship between these phenomena. 
Observations and experiments with regard to the possible relationship between 
Pneumocystis, other infectious agents and lung pathology are described in 
chapter 5. 
The lung alterations observed in this colony were apparently not permanent; 
almost all the animals of the б months age groups were free of infiltrations. 
This is in marked contrast to the findings of extensive histologic screenings in 
ageing rats of 9 SP F colonies by Lamb (150). Besides infiltrations as found in 
our study, this author described also aggregates of lymphoid cells around the 
major airways. Peribronchial cuffings of lymphocytes were considered abnormal 
if the cells migrated across the bronchial epithelium. This phenomenon was 
never seen in our population samples. Although our cross sectioning of the lung 
lobes were not specially concentrated on the main airways, some area with a 
cross sectioned bronchus or bronchiolus was present in the slides of all the 
animals. Lamb concluded that the lung alterations had to be described to some 
infectious agent; because bacteria and mycoplasmata were excluded from the 
SP F colonies, he considered viral infections as the most plausible explanation 
for the described pathology. 
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The interpretation of the IF A results is subject to similar limitations as the 
demonstration of Pneumocystis in lung homogenates. This test depends on the 
fluorescence of rounded objects with a diameter of 4 - 5pm, present in relative 
high numbers in the slide antigen. The specificity of the IFA was checked by 
the reactions of positive and negative serum controls included in every test and 
the confirmation of the presence of thick-walled pneumocysts and the absence 
of fungi mimicking Pneumocystis in the silver impregnation. However, the test 
does not detect antibodies specific for thin-walled pneumocysts because these 
are either not present in sufficient numbers in the slide antigen or, i f present, 
cannot be identified as such. 
Anti-pneumocystis antibodies were present in some neonate and very young rats. 
These antibodies might be passively acquired from mothers with high titers 
against Pneumocystis. From figures 4.5 and 4.6 i t can be concluded that 
antibodies are persistent for at least half a year. I t is not clear whether these 
antibodies represent responses to low numbers of pneumocysts still present in 
the lungs. 
In general i t can be concluded that the detection of IFA antibody titers 
suggests that Pneumocystis was present in all the animals of the population in 
the age groups of 3 and 4 months. 
The cortisone treatment in rats. 
The changes in the efficacy of the cortisone treatment as presented in the 
figures 4.7 and 4.8 are very difficult to explain. The physical reactions of the 
rats under the cortisone regime were standard during the observation period; 
these reactions have been described by several authors (30, 78, 79, 80) and can 
be summarized as excessive weight loss and dyspnoe with extremely high 
respiration rates. 
Apparently there were no differences in susceptibility between the rats 
obtained from the two suppliers. Therefore i t seemed logical to look for an 
explanation during the period of the treatment. The housing conditions have 
been constant over the years. Environmental conditions within the animal 
quarter have been constant. Changes in the viability or virulence of 
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Pneumocystis might have occurred; but this hypothesis cannot be substantiated. 
An explanation for the sudden drastic decreases in 1979 and 1980 has been 
looked for in the dramatic events in the meteorologie conditions which might 
influence the transmission of an airborne infectious stage. The f i l ter system of 
the air supply in the conventional animal quarters cannot prevent the entrance 
of organisms of the size of Pneumocystis. The low relative humidity in May 
1980 more or less coincided with a drop in the total percentage infections from 
40% to 20%; this low percentage persisted for a period of four months. The 
sudden decrease in August 1979 cannot be explained by the climatologie 
records. It is unlikely that this event in August had any link to the preceding 
very cold winter with low vapour pressure values. Therefore the sudden changes 
in efficacy of cortisone treatment remain unexplained. 
Transmission 
The total percentage of thick-walled pneumocysts containing nucleated daughter 
cells does not exceed 30% of all the thick-walled stages present in the lungs of 
rats dying with Pneumocystis pneumonia. About 15% of these 30% has crescent 
shaped daughter cells, i.e. 4.5% of the total number of thick-walled pneumocysts. 
From the light microscopic observations on the distribution patterns of types of 
daughter cells, no specific role can be assigned in transmission for any of the 
described types of organisms. 
The observations on the natural transmission of Pneumocystis lead to the 
conclusion that Pneumocystis is transmitted at a very young age. 
In experiment 2 Pneumocystis has been found in the lungs of 3 rats housed 
individually under germ free conditions since weaning. The mothers of these rats 
were the only ones which harboured Pneumocystis out of a group of 11 from the 
earlier specified SP F breeder colony. This result implies that at the age of 21 
days 3 of the 14 animals had become infected; the pneumocysts were found in 
the offspring of both mothers. In the first experiment 20 weanling rats selected 
randomly from 20 different litters of the same SP F colony were placed together 
in one isolator. Pneumocystis has been demonstrated in 18 of the 20 animals. 
Probably not all the mothers had Pneumocystis, but the transmission apparently 
occurred easily between animals in a few cages placed in a common isolator. The 
difference in the number of infected animals in these experiments makes i t very 
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difference in the number of infected animals in these experiments makes it very 
likely that transmission through the air plays an important role in the spreading 
of Pneumocystis and that this transmission is promoted by crowding. 
The results of the third experiment clearly demonstrate that in the rat model 
transplacental transmission of Pneumocystis does not occur. 
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CHAPTER 5 
The aetiology of lung infiltrations in natural infections with Pneumocystis 

C H A P T E R 5 
5.1 Introduction 
5.2 Material and Methods 
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5.3.1 In vitro propagation of Pneumocystis 
5.3.2 Occurrence of specific anti-PVM antibodies 
5.3.3 Experimental PVM infections 
5.4 Conclusions and Discussion 
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5.1 Introduction 
With regard to the occurrence of Pneumocystis and lung infiltrations presented 
in paragraph 4.3.1 the results suggest some kind of correlation between the two 
findings. The explicit assignment of Pneumocystis as the causative agent of the 
observed lung alterations should be confirmed by the procedures postulated by 
Koch: isolation of the organism from animals with the characteristic pathology, 
in vitro culturing of this organism, inoculation of healthy non-infected animals 
and the observation of identical symptoms in these animals. 
Inoculations of Pneumocystis into healthy animals have been without success so 
far, except for the nude mouse model (88, 99). We have undertaken extensive 
efforts to grow Pneumocystis in vitro on several types of monolayers. These in 
vitro propagation experiments have been based on the methods described by Pifer 
et al. (34, 55). 
The inoculation of GF rats with isolated, uncontaminated pneumocysts from 
culture supernatant appeared not feasible. Therefore clarification of the 
aetiology of the lung alterations described in chapter 4 demanded an indirect 
approach. 
In order to ascertain or eliminate the contribution of any known pathogen to the 
pathologic changes, f irst the occurrence of other infectious agents had to be 
examined in the rats of both population samples. 
The supplier of the SP F rats routinely screened the breeder colony for all known 
pathologic bacteria, including mycoplasmata; also enteric protozoa, worm eggs 
and ectoparasites were included in these periodical quality controls. I t seemed 
appropriate to test the rats for the presence of viruses. The virology division of 
the Department of Medical Microbiology, Catholic University Nijmegen, offered 
the facilities to examine serologic titers against naturally occurring rodent 
viruses. All available rat sera have been screened for specific antibodies against: 
mouse adenovirus, lymphocytic choriomeningitis virus (LCM), mouse hepatitus 
virus, Sendai virus, Vaccinia virus, Reo virus type 3, K-virus, minute virus of 
mice (MVM), Polyoma virus, Theiler GD VII virus, Mengo L virus and pneumonia 
virus of mice (PVM). At the Department of Medical Microbiology, State 
University of Limburg, Maastricht, the Netherlands, the sera of 70 rats of the 
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second population sample have been examined for antibodies specific for rat 
cytomegalovirus (RCMV). 
In G F rats the pathogenic capacity of PVM, against which many of the rats of 
the population samples of chapter 4 had specific antibodies, was examined. 
5.2 Materials and Methods 
Pneumocysts were collected from heavy infected lungs of cortisone treated rats; 
minced lungs were vigorously washed in PBS on a magnetic stirrer. Only 
suspensions of Pneumocystis organisms from lungs without fungal or bacterial 
contamination were used; this was judged by microscopic examination of imprint 
smears of the lung tissue. Suspensions were washed several times in PBS by 
centrifugation and finally resuspended in culturing medium with antibiotics. 
All cell cultures were maintained on medium 199 (Flow) with 10% foetal calf 
serum (FCS, Boehringer Mannheim, W. Germany) and with penicillin (500 
units/ml), streptomycin (0.1 mg/ml), nystatin (25 units/ml) and amphotericin В (1.2 
pg/ml). To improve the buffering capacity of the system, Hepes (Flow) was used 
at 0.002 M final concentration. 
Cultures were kept at 36° С in 5% CO- in small tissue culture flasks (Corning) 
or petri dishes (Falcon). Parts of coverslips were introduced into the culture 
vessels before they were seeded with the supporting cells; these coverslips were 
removed and stained with HCl-Giemsa and silver methenamine at daily intervals. 
Vero cell cultures (monkey kidney) were obtained from the Department of 
Medical Microbiology, Catholic University of Nijmegen, the Netherlands. 
Embryonic chick epithelial lung (CEL) cell cultures were prepared as described 
by Pifer et al. (34). Embryonic rat epithelial lung (RED cells were collected 
from 16-18 days old SP F Wistar rat embryos using the same procedures as for 
CEL cells. 
Antibodies specific for RCMV (151) were determined with an enzyme linked 
immunosorbent assay (ELISA) based on the method of Schmitz et al. (152). For all 
the other viruses the virologie techniques involved an antibody titer 
determination with hemagglutination inhibition (HI) (153) or complement fixation 
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(CF) (154) as described by van Nunen et al. (155). 
Fourty four germ free Wistar rats were inoculated with PVM; they were 
examined at different periods after inoculations. 
All 44 GF rats were inoculated with one pool of PVM, isolated from baby 
hamster kidney cell cultures. The virulence of the inoculum was confirmed by 
intranasal inoculation of 0.1 ml samples into 15 Balb/c mice. Some of the mice 
died with pneumonia within 10 days. Thirty Balb/c mice of the same stock were 
examined for the presence of Pneumocystis and anti-PVM titers. Only one of 
these 30 mice had a HI t i ter of 1:20 for PVM. The rats received intranasal 
inoculations of 0.1 ml of the PVM suspension at day 0. Groups of animals were 
examined at day 1, 3, 6, 12, 18 and 77. The last group was reinoculated at day 
35. All inoculations were performed under light anaesthesia. The rats were 
housed during the experiment in isolators with mild negative pressure. At the day 
of inoculation the rats were between 4 and 6 weeks old. Besides the antibodies 
specific for the 11 virus species in paragraph 5.1, these experimentally infected 
rats also have been screened for HI antibodies specific for Kilham rat virus. 
The lungs of these experimentally infected rats were processed as described in 
paragraph 2.4. In none of the lung homogenates could any thick-walled stages of 
Pneumocystis be demonstrated. The main lobe of the left lung was cut 
longitudinally along the main bronchus; sections were made along this plane in 
one half of this lobe and randomly across the other half. 
5.3 Results 
5.3.1 In vitro propagation of Pneumocystis 
The results of two representative experiments are presented in some detail. 
In one experiment pneumocysts freshly isolated from a cortisone treated rat, 
were inoculated on a three days old primary CEL cell culture at 80% confluency. 
The inoculum contained 2.10 organisms per milliliter in toluidine blue and silver 
methenamine stained slides. A HCl Giemsa stained preparation confirmed that the 
normal percentage of approximately 25% of the silver staining organisms 
contained daugther cells. At day 3 and day 6 after inoculation the medium was 
refreshed. The numbers of pneumocysts in the spent medium were to low for 
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accurate counting. At day 9 the desintegrating monolayers detached from the 
3 
plastic culture dishes; in the medium 16x10 silver stained pneumocysts per 
milliliter were counted. In HCl Giemsa slides Pneumocystis could not be 
demonstrated. The subculturing of the harvested organisms on fresh primary CEL 
cell cultures was without result; within a few days Pneumocystis disappeared 
completely from the cultures. Control cultures without inoculations deteriorated 
after 16-18 days; medium was changed on every third day. 
In another experiment pneumocysts from a human autopsy sample were inoculated 
on fresh CEL cell monolayers. The cultures were followed for 30 days. HCL 
Giemsa stained slides of medium sediments and monolayers were already negative 
at day 7. Small numbers of silver staining pneumocysts could be demonstrated 
until day 17. Sediments of some complete cultures with their medium were 
subinoculated on fresh monolayers on day 18 without results. Some of the 
original cultures inoculated at the same day wit human pneumocysts were treated 
as follows. At day 5 the medium, containing pneumocysts, was subinoculated on 
fresh CEL cell monolayers. Giemsa stained thick-walled and possibly some 
thin-walled pneumocysts were demonstrated until day 8 in or on the monolayers. 
On day 14, i.e. nine days after the first subinoculation, the medium of these 
dishes was applied on new cultures again, but without any result. The monolayers 
were harvested also on day 14 and subcultured on fresh CEL cell monolayers as 
well. Until day 16 some silver staining organisms were found but daughter cell 
containing pneumocysts were never encountered again after day 8 in any of the 
cultures. 
The pneumocysts used in this experiment were of human origin; the results were 
the same as in identical experiments with rat organisms. 
In numerous similar experiments all kinds of variations have been performed but 
none of these improved the propagation of the freshly harvested pneumocysts. 
In the experiments with Vero cells as supporting monolayers, intact thick-walled 
pneumocysts disappeared even sooner from the cultures compared to CEL cell 
monolayers. The REL cell cultures gave equal results as the CEL system. 
5.3.2 Occurrence of specific anti-PVM antibodies in the SPF rat colony. 
The only positive results of all the anti-virus antibody tests were a number of 
hemagglutination inhibition (HI) titers for PVM. The results of both population 
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samples are shown in table 5.1; of the total number of sera examined (119 rats) 
only 16 had no anti-PVM antibodies. As can be seen in the table these negative 
titers were found in the age groups of 6 to 16 weeks. Eleven animals of the 16 
without titers had lung infiltrations. Eight of the rats with negative PVM titers 
had both thick-walled pneumocysts and histologic alterations in the lungs; 5 had 
neither pneumocysts nor lung alterations and 3 had infiltrations without 
pneumocysts. Among the 103 positive sera 17 had a t i ter equal to or higher than 
1:160. Three of these high titers were found in the 4 week old rats and 4 in the 
26 week old animals. The rest of these high titers were randomly distributed 
throughout the age groups. 
Table 5.1 Positive anti-PVM titers in the SPF rat colony 
age in weeks 8 10 12 14 16 26 
sample 1 
sample 2 
5 
1 
Ю 
6 
9 
2 
100 
11 
8 
2 
77 
13 
9 
6 
88 
17 
8 
1 
64 
14 
9 
4 
93 
14 
-
7 
78 
9 
7 
10 
85 
20 
9 
6 
100 
15 
The sera of the 71 rats not included in these results were exhausted at the time 
of testing. 
5.3.3 Experimental infections with PVM in GF rats 
The finding of anti-PVM titers in the sera of a high percentage of the rats in 
both population samples was the reason for experimental infections of PVM in 
G F rats. All the preinfectious sera of the 44 G F rats were negative in HI tests 
for PVM and in IF A for Pneumocystis. PVM antibodies were found in the groups 
examined at 12, 18 and 77 days after inoculations. Positive titers were high in 
the groups killed at day 12 and 18: from 1:160 to 1:1280 with two exceptions 
(1:80). In the group examined at day 77 one rat had a t i ter of 1:160, while the 
other animals had lower titers. 
С F and HI tests for all the other viruses appeared to be negative in all the rats. 
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f ig. 5.1 The perceptual distribution of positive h ae m agglutinati on 
inhibition (HI) titers for pneumonia virus of mice (PVM) in 
experimentally infected germ free rats. Numbers examined : 7, 7, 
7, 5, 10 and 8 on day 1, 3, 6, 12, 18 and 77 after inoculation 
respectively. 
The percentual distribution of positive anti-PVM titers is presented in figure 5.1. 
In 3 of the rats examined 1 day after inoculation, some lymphocytic cells and 
eosinophylic polymorphonuclear leukocytes were apparent in minor perivascular 
infiltrates. In all 7 rats of this group the peribronchiolar lymph nodules seemed 
increased in cell density (fig. 5.2). This was also observed in one of the animals 
examined at day 3. In other rats of this group perivascular infiltrates consisting 
of eosinophils and some lymphocytic cells were encountered (fig. 5.3). 
In the group bled at day б very rare minor perivascular infitrations of mixed 
composition were found. Peribronchiolar lymph nodes appeared normal (fig. 5.4). 
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f ig. 5.2 A lymph node beside a peripheral bronchiole with high cell 
density. The lung alveoli are free of exudate. G F rat, 1 day after 
inoculation with PVM. HE 37 χ 
f ig. 5.3 Perivascular infi ltrate with eosinophils and lymphocytic cells in a 
GF rat 3 days after inoculation with PVM. HE 110 χ 
f ig. 5.4 Peribronchal lymph nodule with normal appearance in a G F rat б 
days after inoculation with PVM. HE НО χ 
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5.4 Conclusions and Discussion 
Propagation of Pneumocystis on cell cultures. 
The results of different laboratories regarding in vitro propagation of 
Pneumocystis are contradictory in some respects. Pifer et al. (34) described a 
100 fold increase in thick-walled pneumocysts on their CEL cell system. These 
results were far superior to those obtained with Vero cells as the supporting 
monolayer (55). Clear cytopathic effects were demonstrated in the monolayers of 
both cell types. LaTorre et al. (54) however reported remarkable success with 
the Vero cell cultures. In their hands Pneumocystis was propagated on Vero cell 
monolayers, Chang liver cells and human embryo lung fibroblasts (MRC-5) for 16 
weeks. The supernatant containing free pneumocysts in clumps was subcultured 
on fresh monolayers every week. The density of these clumps, containing thick-
and thin-walled stages of Pneumocystis was determined by visual observation of 
culture flasks. Within one week the numbers of pneumocysts reached the density 
of the original culture supernatant from which the inoculum was obtained. Since 
the volume of the cultures had been doubled at every subculture, the numbers of 
organisms consequently were estimated to have increased 16,536 times during the 
16 passages. Bartlett et al. (56) reported proliferation of thin-walled 
Pneumocystis on human fetal lung fibroblasts (WI-38) without any deleterious 
effects in the monolayers. Peak numbers were reached between days 4 and 8 
followed by a rapid decrease; some thick-walled stages appeared after 15 days. 
Several authors were convinced that proper quantification of thin-walled stages 
was not possible (34, 83). This opinion is also shared by our group. 
The results of our in vitro cultures are in some respects different from those 
others described above. It was apparent that the net yield of all our culture 
systems was unsuitable for any inoculation of experimental animals. Not only 
were the numbers of organisms insufficient, but also the contamination of cells 
and adhering debris of the monolayers was considerable. Our results confirm the 
observations of Pifer et al. that Pneumocystis does affect the monolayers. It is 
also clear that Pneumocystis practically disappears from the medium within a 
few days. The reappearance of thick-walled stages at the time of monolayer 
detachment and disintegration indicates that the organisms can develop at the 
expense of mammalian cells. The number of thin-walled stages in the original 
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inocula could not be accurately assessed in our experiments. In some instances 
we have made rough, conservative estimates of these stages; they outnumbered 
the thick-walled stages at least 60 to 100 times in the suspensions used as 
inocula. This might explain our results as well as those achieved by Pifer et al, 
but definitely not those claimed by the two other groups. 
The conflicting results clearly indicate that the optimal conditions for the 
propagation of Pneumocystis in vitro have not yet been settled. 
PV M infections in rats. 
The presence of PVM antibody titers in 87% of the rats indicates that this mouse 
virus commonly occurs in the SP F breeding colony. This finding is in complete 
agreement with the results of van Nunen et al (155) who found positive HI titers 
in 82% of SP F rats in similar colonies. The height of the antibody titers does not 
give any insight into the acquisition or development of the infection; both high 
and low titers occur in all the age groups examined. 
Apparently there exists no relationship between HI anti-PMV titers and lung 
infiltrations described in chapter 4. 
So far no lung pathologic changes have been described in affected animals other 
than mice. Experimentally infected mice develop fatal interstitial pneumonia with 
mononuclear cell cuffing around bronchi and blood vessels; alveoli get obstructed 
by massive exudates containing mononuclear cells and erythrocytes (156, 157). 
This type of pneumonia does not resemble the infiltrations found in the SP F rat 
colony. Information concerning the effects of PVM infection in animals other 
than the natural host have not been found in the literature. Therefore the 
intranasal inoculation of virulent PVM into germ free Wistar rats seemed an 
appropriate and relevant experiment. 
The results of these inoculations are clear as far as HI antibody titers are 
concerned. Within 12 days high titers had developed in some rats; all animals 
examined 18 days after inoculation had positive titers. Positive titers were also 
found in all rats examined after 11 weeks although the titers were lower. 
The lung alterations in the rats examined at 24 hours after inoculation indicate 
that the inoculum apparently has been inhaled. The observations in the lung 
sections of the other groups of animals make i t very clear that the PVM, 
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inoculated in healthy G F rats, do not give rise to any infiltration in the lungs of 
these animals. Pneumonia virus of mice can therefore safely be excluded as the 
causative agent of the lung infiltrations in the SP F rat colony. Pneumocystis 
remains the only likely cause of the lung infiltrations. An enhancing or 
synergistic effect of the PVM infection on the lung pathology caused by 
Pneumocystis cannot however be excluded. 
The strict fulfilment of Koch's postulates could not be achieved in this study 
because the presence of thin-walled stages of Pneumocystis in natural infections 
remained concealed. The deficient demonstration of the causative agent is also a 
problem in some viral infections. In such situations the demonstration of specific 
antibodies has been suggested as an useful alternative indication for the actual 
or previous presence of the agent (158). The distribution of positive IF A titers in 
the rat colony (fig. 4.5) gives therefore additional support to the hypothesis that 
Pneumocystis is the causative agent of the lung alterations. 
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CHAPTER б 
Observations on the histopathology of induced Pneumocystis pneumonia. 

C H A P T E R 6 
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6.3.1 Description of lung pathology in cortisone treated rats 
6.3.2 Distribution of histopathology in the lungs of cortisone 
treated rats 
6.3.3 Distribution of Pneumocystis in the lungs of cortisone 
treated rats 
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6.1 Introduction 
The histopathology of developing Pneumocystis pneumonia was studied in rats 
during cortisone treatment. Although massive Pneumocystis pneumonia has been 
induced in numerous laboratory animals, l i t t le information is available concerning 
the course of the inflammation. Walzer et al. studied experimental infections 
with Pneumocystis in different strains of mice and in Sprague-Dawley rats (159, 
160). They described a mild response of predominantly mononuclear cells, cellular 
hypertrophy of the interalveolar septa and progressively fill ing of alveoli with 
Pneumocystis during the last 4 weeks of the cortisone treatment. 
The aim of this study was to explore in some depth the development of the 
histopathology during the cortisone treatment with emphasis on the early stages. 
Besides the nature of the responses in the alveoli to the presence of 
Pneumocystis, we also examined the distribution of organisms and pathologic 
changes throughout the lung. 
6.2 Materials and Methods 
Selection of animals 
A group of 60 conventionally bred rats was treated according to the standard 
cortisone regimen. Animals were examined after periods of 3 to 8 weeks 
cortisone treatment. The lungs were processed as described in paragraph 2.4. The 
right lungs of the rats were homogenized and those animals with microscopic 
evidence of bacterial or fungal infections were excluded from the experiment. 
Animals were selected in the first instance on account of the presence of 
Pneumocystis in the right lung. A second criterion was the presence of 
pathologic changes in section no. 1 of the left lung. Three rats (no. 43, 51, 53) 
were selected with apparently increasing involvement of histopathology and 
varying numbers of pneumocysts in the right lung homogenate. The rats were 
treated for 4, 5è and 7 weeks respectively. Additionally two rats (no. 43, 44) 
without thick-walled stages of Pneumocystis were also selected; these animals 
had mild pathologic changes and had been treated with cortisone for 3 i and 4 
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weeks respectively. 
Histologic processing and examination 
The left lung of rats has two lobes. Only the main lobe was studied. This lobe 
was transversally cut through the hilum. This resulted in two parts of equal 
length. Both parts were embedded in paraplast with the transversal cut exactly 
at the surface. The whole lung lobe was sectioned. Section numbers 1 and 2, 51 
and 52 and so on, were stained with the HE and silver methenamine method 
respectively. The section numbers of the thus embedded lung parts indicated the 
distance of any section to the central cross section of the lung lobe. The total 
lenght of the lungs was measured along the long axis; by dividing this length by 
the number of sections, the average thickness of the sections was calculated. 
The sections were examined at magnification factor 100. The calibrated square 
in the ocular tube (paragraph 2.6) covered 1 mm at this magnification. With this 
calibrated device the sections of lung tissue were divided into a peripheral and a 
central zone. The peripheral zone was defined as the outer part of every section 
with a diameter of 1 mm. Exact measurements with the calibrated square were 
rather difficult in parts of the lung with sharply curved outlines; duplicate 
readings between serial sections and between two observers resulted in maximal 
? 2 
differences of 2 mm in sections of 20 to 35 mm . 
No differentiation has been made between alveolus and ductus alveolaris. Both 
have been counted as alveolus. Bronchioli and blood vessels were not substracted 
from the measured surfaces. 
6.3 Results 
6.3.1 Description of lung pathology in cortisone treated rats 
Histopathologic changes were studied in HE stained sections in the microscope at 
100 times magnification. The most prominent aspect of the lung pathology in 
cortisone treated rats was the exudate in the alveoli. In most of the affected 
alveoli macrophages were present. These macrophages varied in diameter and in 
degree of vacuolization. Frequently only cellular debris was seen in the exudate. 
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The finding of a single macrophage in individual alveoli was not considered 
abnormal. Alveoli containing several macrophages or a substantial amount of 
debris were counted as "pathologic alveoli". Usually varying numbers of adjacent 
alveoli formed pathologic areas in the lung sections (fig. 6.1). 
In some rats the interalveolar septa showed an increased thickness in the areas 
with pathologic changes. This was caused by hyperplasia of the alveolar 
epithelium and hypertrophy of the cells (fig. 6.2). Occasionally mild interstitial 
infiltration was seen with mononuclear cells and more rarely with some 
neutrophilic polymorphonuclear leukocytes. These leukocytes were also found in 
the alveolar lumen amongst the alveolar macrophages. 
Pneumocystis was demonstrated in the sections in the same way as in lung 
homogenates. Along with the thick-walled pneumocysts a number of other 
elements in the lung were stained black. Careful differentiation was necessary 
especially with regard to argentophyllic cells and some nuclei. High power 
magnification (400x) was needed for the counting of individual pneumocysts. The 
measurement of the surface of peripheral and central zones required low power 
magnification (paragraph 6.2). Therefore the distribution of organisms over the 
two zones had to be determined with frequent changes of lenses. This caused 
deviations slightly over 10% in duplicate readings. 
Figures 6.3 and 6.4 give an impression of the appearance of Pneumocystis in the 
alveoli. In rat number 53 Pneumocystis was often found in big aggregates as 
shown in figure 6.3. Counting of individual organisms seemed not appropriate in 
this animal; instead alveoli containing Pneumocystis were counted. 
Antibodies specific for rodent viruses and mycoplasma were examined in the sera 
of the 5 rats in this experiment. A 1:20 t iter for PVM in rat number 51 was the 
only positive result in these sera. 
6.3.2 Distribution of histopathology in the lungs of cortisone treated rats 
The degree of histopathologic involvement in every section was expressed as the 
number of alveoli with pathologic changes per square millimeter. The average 
thickness of the sections varied between 4.27 and 5.27 μιη in different rats. The 
influence of this variation on the resulting numbers of pathologic alveoli was 
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f ig. 6.1 Lung section of rat no. 40, treated with cortisone for 4 weeks. 
Some alveoli contain exudate with macrophages. HE 110 χ 
f ig. 6.2 Lung section of rat no. 53, treated with cortisone for 7 weeks. 
Note the increased thickness of some interalveolar septa (arrow). 
HE 280 χ 
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f ig. 6.3 Lung section of rat no. 53. An aggregate of thick-walled 
pneumocysts in an alveolus (arrow). Gomori's silver staining 410 χ 
f ig. 6.4 Lung section of rat no. 40. Individual pneumocysts distributed 
along the interalveolar septa (arrows). Gomori's silver staining 
410 χ 
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ignored. 
The exact counting of the numbers of sections enabled the division of the lung 
lobes into 6 portions along the long axis. The length of the lobes varied between 
24.8 and 28.1 mm and thus the 6 portions were between 4.1 and 4.7 mm thick. 
The 2 middle portions represent the hilar region. The upper part of the lung lobe 
is called the apex or cranial end; i t has a rounded shape. The caudal end has a 
sharply pointed outline and consequently has only a small volume compared to 
the apex. 
The summation of all surfaces of the peripheral zones in all sections amounted to 
2 
approximately 1500 mm in every lung. The total surface of the central zones 
showed some variation, depending on the volume of the individual lung lobes. In 
the rather f lat lung of rat number 40 the total surface of the central zones 
2 2 
measured only 860 mm , while that of number 53 was 1108 mm in size. 
Table 6.1 Pathologic alveoli per mm in mildly affected rats. 
Ρ 
1.99 
2.73 
3.84 
3.54 
2.71 
1.46 
rat 43 
с 
0.80 
1.90 
1.80 
1.83 
1.77 
0.75 
Ρ 
2.98 
3.16 
3.36 
3.39 
1.90 
1.54 
rat 44 
с 
0.33 
1.13 
1.72 
1.36 
0.62 
0.67 
apex 
hilar region 
caudal end 
total 2.94 1.80 2.66 1.18 
ρ = peripheral zone с = central zone 
Rat number 43 and 44 were treated with cortisone for three and a half and four 
weeks respectively. Pneumocystis was not demonstrated in these animals. 
The distribution of pathologic alveoli in rat number 43 and 44 is shown in table 
6.1. In both rats the involvement of the alveoli in the pathology was roughly 
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estimated at 10% in the peripheral zone of section no. 1. These rats were 
selected since they appeared to be different in the distribution of pathologic 
alveoli; in rat number 44 a much higher number was present in section no. 1 (i.e. 
in the hilar region) than in rat number 43. This appeared not to be consistent for 
the whole hilar region as is clearly demonstrated in the table. The results are 
very similar in the hilar regions and towards the caudal ends in both lungs. 
Towards the caudal and cranial ends in rat 43 the numbers of pathologic alveoli 
decrease as compared to the hilar region. In rat 44 the numbers remain at the 
same level from hilus to apex in the peripheral zones. Increased numbers of 
macrophages were the only pathologic changes in these lungs. 
2 
Table 6.2 Pathologic alveoli per mm in moderately affected rats 
apex 
hilar region-""' 
caudal end 
Ρ 
15.37 
9.55 
3.38 
" - ^ 2.96 
5.74 
6.52 
rat 40 
с 
7.18 
2.53 
1.79 
1.78 
3.04 
3.47 
Ρ 
4.77 
15.24 
8.58 
8.16 
12.29 
3.29 
rat 51 
с 
3.04 
7.39 
4.48 
3.82 
9.17 
_ 
Ρ 
5.71 
10.99 
15.34 
15.60 
17.66 
12.06 
rat 53 
с 
4.46 
4.88 
5.78 
6.77 
7.52 
6.09 
total 6.09 2.40 9.68 5.56 13.29 5.85 
ρ = peripheral zone с = central zone 
Rat no. 40, 51 and 53 were treated with cortisone for four, five and a half and 
seven weeks respectively. Pneumocystis was demonstrated in these animals. 
The results of the counting of pathologic alveoli in the other 3 rats are 
presented in table 6.2. The right lungs of these animals contained thick-walled 
stages of Pneumocystis. Although these 3 rats are grouped under the heading 
"moderately affected", the histopathologic changes vary considerably in intensity. 
The percentage of alveoli involved in the histopathology was roughly estimated 
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at 10% in the central zone of the first hilar sections of rat 40. For rat numbers 
51 and 53 these estimates were 25% and 50% respectively. 
Rat number 40 showed in the hilar regions identical results as those found in the 
rats 43 and 44. In the peripheral zone an increase in numbers of pathologic 
alveoli appeared towards the caudal end. In the apex these numbers were 4-5 
times as high as those found in the hilar region. The same trend was seen in the 
central zones: in the apex a four fold increase and in the caudal end a doubling. 
In rat number 51, the absolute numbers of pathologic alveoli were higher than in 
rat 40. The total counts of the central zones were doubled as compared to rat 
40. The peak density of pathology however is equally high as scored in rat 
number 40. While the most severe pathologic changes were found in the 
extremities in rat 40, in number 51 the peak density appeared in the regions next 
to the caudal and cranial ends. Again parallel results were evident in peripheral 
and central zones throughout the lung. The caudal part of this lung had no 
central zone because the lung measured less than 2 mm in diameter in this 
region. 
In rat number 53 the highest numbers of pathologic alveoli were found. The 
percentage of affected alveoli was low when compared to other rats after 7 
weeks treatment. In such rats the histopathologic characteristics of fatal 
pneumonia were the same as seen in this animal but the intensity of the 
inflammation was greater. 
I t is striking that in rat number 53 the total results of the central zones did not 
exceed those found in the central zones of rat number 51. The high total score 
was mainly caused by the numbers of pathologic alveoli found in the peripheral 
zones. Peak intensity in pathologic phenomena was measured in the peripheral 
zones of the lower half of the lung. As in all the other lungs, in rat 53 the 
relative proportions of the distribution were parallel in peripheral and central 
zones throughout the lung. 
In the three moderately affected animals the nature of the histopathologic 
changes were not completely identical. Neutrophilic polymorphonuclear 
leukocytes were found in the alveoli between macrophages and debris in all 3 
rats. Thickened interalveolar septa with mild polymorphonuclear and monocytic 
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infiltrates in the interstitium was only seen in rat numbers 51 and 53. 
Hypertrophic alveolar epithelial cells and hyperplasia of the septa appeared only 
in rat 53; also the occurence of wide rims of debris containing exudate in 
bronchioli was unique for this rat. 
6.3.3 Distribution of Pneumocystis in the lungs of cortisone treated rats 
Individual thick-walled stages of Pneumocystis have been counted in the Gomori 
stained sections of rat numbers 40 and 51. In these animals thick-walled 
pneumocysts were present in low numbers. In some alveoli small clusters of 
organisms were seen as shown in figure 6.4; in other alveoli single pneumocysts 
were present. In rat number 53 both small clusters and sizeable aggregates of 
pneumocysts (fig. 6.3) were frequently seen. In all rats alveoli with Pneumocystis 
were grouped into areas of infected lung tissue. 
The results of the countings of Pneumocystis and of alveoli containing 
Pneumocystis are compiled in table 6.3. The most striking result of these 
countings is the difference in total numbers of organisms between rat numbers 40 
and 51. In the peripheral zones pneumocysts are more numerous in all the regions 
in rat 40. 
The average thickness of the sections in rat number 40 was 5.27 μη and in rat 
number 51 only 4.30 μπι. A proportional reduction in numbers of organisms, 
calculated from this ratio in section thickness, results in less pronounced 
differences. The total peripheral countings of rat number 40 would still amount 
to 150% of those in rat number 51. In rat number 40 the numbers of pneumocysts 
gradually decreased from the apex to the caudal end in peripheral and central 
zones. In rat number 51 the highest numbers were found in the hilar region and 
in number 53 the highest scores were seen in the lower half of the lung. 
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Table 6.3 Distribution of pneumocysts in the lungs of rats number 40, 51 and 53 
rat 53 
2 Pn.alv./mm 
Ρ с 
11.80 3.37 
15.84 9.32 
19.10 11.32 
24.00 21.14 
25.59 31.58 
24.42 9.55 
20.30 14.49 
Pn./mme~ = thick-walled pneumocysts per mm' of section surface 
2 2 
Pn.alv./mm = alveoli with Pneumocystis per mm 
The rats 40, 51 and 53 were treated with cortisone for four, five and a half 
and seven weeks respectively. 
6.4 Conclusions and Discussion 
The peripheral zones contained considerably more pathologic alveoli than the 
related central zones in all regions of the lungs in all the rats examined. In 
general terms, the pathologic alveoli were proportionally distributed over the 
lung regions in peripheral and central zones. 
In the mildly affected rats (numbers 43 and 44) most pathologic alveoli were 
found in the peripheral zone of the hilar regions. In rat number 40 with an 
intermediate degree of alveolar involvement in pathology, the highest numbers of 
pathologic alveoli appeared in the extremities of the lung. In rat number 53 
highest density of pathologic alveoli was seen in the hilum and lower half of the 
lung. 
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rat 40 rat 51 
apex 
hilar region c^" 
caudal end 
total 
Ρ 
13.18 
12.00 
9.91 
"* 
""^" 6.99 
5.65 
2.38 
7.96 
Pn./mnr 
с 
5.29 
2.22 
1.43 
1.77 
1.00 
0.50 
1.57 
Ρ 
1.39 
3.96 
5.02 
5.40 
4.25 
0.65 
4.03 
Pn./mm 
с 
0.31 
0.54 
1.59 
2.39 
1.27 
-
1.48 
ρ = peripheral zone с = central zone 
Briefly pathologic changes start in the peripheral zones of the hilar region and 
spread to the extremities of the lung. The histopathologic changes develop 
gradually into a massive lesion in the hilar region. As a last step before 
complete consolidation of the lung, the lower half and the hilar region is filled 
with macrophages, debris and pneumocysts. The central zones of all lung regions 
apparently remain longer without pathologic involvement. 
A similar tendency was also apparent in the distribution of thick-walled stages 
of Pneumocystis between the peripheral and central zones. In all regions, with 
one exception, thick-walled pneumocysts were more numerous in the peripheral 
zones compared to the central zones. Only in the region between hilum and 
caudal end in rat 53 did the central zone contain more organisms than in the 
peripheral zone. This region was the most heavily infected part of the lung. 
The distribution of the thick-walled pneumocysts between the regions in this rat 
(no. 53) show the same trend as the distribution of the pathologic alveoli. In the 
2 other rats with thick-walled pneumocysts no relationship existed between 
absolute numbers or distribution of organisms and the histopathology. Rat number 
40 harboured significantly more thick-walled pneumocysts than rat number 50 
while the histopathology was less pronounced. 
A more or less fixed time schedule in the development of histopathology and 
numbers of thick-walled pneumicysts could not be established in these 60 rats. 
Some animals died after 6 weeks of cortisone regime with massive Pneumocystis 
pneumonia while others survived for more than 10 weeks. I t is not clear whether 
this reflected individual variations in responsiveness to the treatment or 
differences in the microbiologic status of the animals at the start of the 
treatment. In this respect our observations were in marked contradiction with 
those of Yoshida et al. (161); they reported a gradual increase in numbers of 
thick-walled pneumocysts during the cortisone treatment of eight groups of five 
rats. 
The presence of thick-walled stages of Pneumocystis was apparently not 
essential for the mobilization of macrophages in the alveoli. During the early 
development of the pathologic changes, when roughly less than 25% of the 
alveoli was involved, thick-walled stages were rare or even absent. The total 
number of pathologic alveoli gradually increased in the left lobes of the lungs in 
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this study. At a certain point apparently a threshold for the formation of 
thick-walled organisms is passed. The observations in rat 53 showed that more 
alveoli contained Pneumocystis than were involved in histopathology. The small 
rims of thick-walled stages as seen in figure 6.4 were not recognized under the 
low power. This strongly suggests that thick-walled pneumocysts are spread 
through the airways to clean areas in this progressed phase of the infection. A 
similar suggestion of interairway transfer of pneumocysts has been made in the 
past on speculative grounds (1). 
Intermediate stages in histopathologic development between rat 51 and 53 have 
not been found in our series. A gradual progress from 50% of alveolar 
involvement to inflammation throughout the lung could not be observed in our 
rats. 
These observations might indicate that the progression from a low to a high 
number of alveoli with pathologic changes is a rapid process. This would be in 
accordance with the observations of very abrupt onset of clinical symptoms in 
immunodeficient patients with Pneumocystis pneumonia (51, 162). 
The pathologic changes in the alveoli and in the interstitium in the progressed 
phase of the induced Pneumocystis pneumonia cannot exclusively be assigned to 
Pneumocystis. In mice, monocytic cells cross the interstitium directly into the 
alveoli under normal conditions (163). Massive recruitment of alveolar 
macrophages can result in proliferation of monocytic cells residing in the 
interstitium (164). A similar process in rats might explain the mononuclear 
infiltrates in the interstitium observed in our animals. 
In humans, septal cell hyperplasia has been described as a nonspecific reaction to 
different infections (121) and in immunosuppressed recipients of renal transplants 
(120) without evidence of infections with Pneumocystis. In ageing rats with 
pulmonary proteinosis macrophages f i l l the alveoli and proliferation of epithelial 
cells causes increased thickness of interalveolar septa (165). 
Despite these facts, high percentages of rats die with fatal Pneumocystis 
pneumonia without apparent viral or bacterial contamination (35, 78). The 
uncontrolled multiplication of organisms into large aggregates is without doubt 
the cause of death through obstruction of the airways. 
The study presented here gives some insight into the development of the 
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pathologic events but cannot explain the sudden explosive proliferation of 
Pneumocystis. That the thin-walled stages play an important role in the early 
pathogenicity, seems a valid hypothesis which is supported by the results 
reported in chapter 3. 
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SUMMARY 
The main objective of the study presented in this thesis was to provide a better 
insight into the relationship between Pneumocystis and its host. Not all results 
contributed to that goal. 
A review of the literature (chapter 1) and an outline of general procedures 
(chapter 2) precede a report on the fine structure of Pneumocystis (chapter 3). 
This was studied at an early stage of development of experimentally induced 
Pneumocystis pneumonia. Especially two questions provoked this part of the 
study: the origin of the high proportion of thin-walled stages in heavy infections 
and the way of initiation of lung inflammations in rats treated with cortisone. 
The second problem could not be elucidated; the finding of so far unknown 
intracellular pneumocysts, occurring only during the early period of a developing 
pneumonia, might however shed some new light on i t . The first question was 
answered by the discovery of the multiplication mechanism of thin-walled 
pneumocysts. The results of serial sectioning of groups of thin-walled organisms 
in light infections clearly demonstrated that practically all are living organisms. 
The following observations were made with regard to the epidemiology of 
Pneumocystis infections in two population samples of a naturally infected 
"specified pathogen free" (SPF) breeding colony of Wistar rats (chapter 4). 
Thick-walled pneumocysts could be found in almost all the animals at the age of 
12-16 weeks, and this despite the inefficiency of the methods for the direct 
demonstration of the parasite. 
Specific anti-pneumocystis antibodies were present in one hundred percent of the 
samples of sixteen week old rats from this closed colony. The effect of 
pneumocysts on the host in these natural infections was characterized as a mild 
temporary perivascular and interstitial infi ltration, with an increased number of 
macrophages in the alveoli of the lung. The predominant cell types in these 
infiltrations were polymorphonuclear leukocytes, lymphocytes and monocytes. 
Transmission experiments in germ free rats confirmed the observations of others 
(80, 88, 166) that the transmission of Pneumocystis is airborne. Crowding had an 
enhancing effect on the occurrence of the infection and transplacental infection 
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was excluded as a common mode of natural transmission in rats. 
The observations were extended to the occurrence of Pneumocystis pneumonia in 
cortisone induced infections of rats. I t appeared that the number of infections 
increased from 1973 t i l l 1977 and decreased in 1979 and 1980. No explanation 
could be found for this exhibition of epidemiologic instability of the infection. 
Seasonal variations have never been observed in the occurrence of Pneumocystis 
pneumonia of man (2, 118, 162, 167); continuously high percentages of infections 
with Pneumocystis were reported in experimentally immunosuppressed rats (35, 
78, 80, 161). 
An attempt was made to ful l f i l Koch's postulates for the assessment of the 
causative role of Pneumocystis in the lung infiltrations (chapter 5). Pure 
suspensions of pneumocysts could not be obtained however from in vitro culture 
experiments for the inoculation of germ free rats. Exclusion of other known 
pathogens as possible causative organisms was therefore necessary as an indirect 
approach to this objective. Only antibodies against pneumonia virus of mice 
(PVM) were found in a high percentage of the rats in both population samples. 
The inoculation of a virulent isolate of the virus into germ free rats clearly 
demonstrated that PVM was not responsible for the lung infiltration. 
The course of development of Pneumocystis pneumonia was studied in cortisone 
treated rats (chapter 6). The histopathologic changes appeared first in the 
periphery of the middle parts of the lung; lateron the peripheral areas all over 
the lung were involved and only gradually the central areas became obstructed 
by cellular exudate and massive aggregates of pneumocysts. Generally a parallel 
distribution of Pneumocystis and pathologic changes was seen in the various 
central and peripheral areas of the lung. The lung pathology appeared before 
thick-walled stages could be demonstrated. This was found both in natural and 
experimental infections. This is likely due to the fact that thin-walled 
pneumocysts cannot be detected by light microscopy during the early stages of 
pneumonia. 
During the last two decades the interest in Pneumocystis was especially 
stimulated by the occurrence of Pneumocystis pneumonia in patients with various 
sorts of immunosuppression. The early and unequivocal diagnosis in such patients 
was the subject of several reports. The demonstration of anti-pneumocystis 
antibodies is generally believed not to provide information about Pneumocystis 
pneumonia (89, 104, 115). 
The recent advancements towards a diagnostic test in patients were 
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concentrated on the demonstration of soluble antigens in sputum samples or sera. 
Inadequate specificity was one of the problems encountered. Positive reactions 
were found in patients with pneumonia due to viral infections as well as in those 
without pneumonia (168). Another problem was the relative insensitivity of the 
counter current Immunoelectrophoresis and agar gel double diffusion tests (115). 
I t might be expected that the development of monoclonal antibodies against 
Pneumocystis of man will ultimately result in the development of a sensative 
method for the detection of specific antigenic components of Pneumocystis. 
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SAMENVATTING 
Pneumocystis is een micro-organisme dat wordt gevonden in de longen van 
zoogdieren en mensen over de hele wereld. Het kan een fatale longontsteking 
veroorzaken als de immunologische afweer van de gastheer verzwakt is. In een 
normale situatie bestaat er een evenwicht tussen de afweer mechanismen van de 
gastheer en de vermenigvuldiging van het micro-organisme. Pneumocystis is 
latent aanwezig in vele individuen en wordt beschouwd als een opportunistisch 
pathogeen. 
Het belangrijkste knelpunt in onderzoek naar Pneumocystis is de moeilijke 
aantoonbaarheid van het organisme. Het heeft namelijk twee soorten stadia: 
dikwandige en dunwandige pneumocysten. De dikwandige zijn met behulp van de 
lichtmicroscoop redelijk makkelijk aantoonbaar, maar de dunwandige zijn 
nauwelijks te identificeren. Deze laatste worden tijdens de voor de kleuringen 
noodzakelijke fixatie gereduceerd tot 1 a 2 pm grote klompjes cytoplasm a met 
een kleine kern. De dikwandige stadia hebben een doorsnede van 4 tot 5 \im en 
een dikke wand die in de Grocott zilverkleuring zichtbaar wordt met twee 
karakteristieke komma-vormige verdikkingen. Omdat de aanwezigheid van de 
dunwandige pneumocysten zich aan waarneming onttrekt, is het moeilijk 
waterdichte conclusies te trekken uit onderzoek dat afhankelijk is van 
lichtmicroscopische technieken. Een beter inzicht in de verschijningsvormen en 
de ontwikkelingscyclus van Pneumocystis is verkregen met behulp van electronen 
microscopische technieken. 
Veel aspekten van de biologie van Pneumocystis en van de relatie met de 
gastheer zijn nog niet of onvolledig opgehelderd. Zo is het byvoorbeeld niet 
duidelijk of Pneumocystis werkelijk parasiteert op zijn gastheer en of er 
meerdere soorten Pneumocystis zijn, ieder met een eigen specifieke gastheer. 
Ook is niet bekend welk ontwikkelingsstadium verantwoordelijk is voor de 
overdracht op een nieuwe gastheer en langs welke wegen deze plaats vindt, al 
zijn er goede argumenten voor de veronderstelling dat deze aërogeen plaats 
vindt. 
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Het onderzoek op de afdeling Medische Parasitologie, zoals dat in dit 
proefschrift is beschreven, was er heel in het algemeen op gericht om bij te 
dragen in de verruiming van het inzicht in een aantal van bovengenoemde 
biologische aspekten. 
De infekties werden bestudeerd in Wistar ratten omdat wij in een "Specified 
Pathogen Free" (SPF) fokkolonie van deze dieren een hoog percentage spontane 
infekties met lichte longafwykingen aantroffen. Dit stelde ons in staat de 
infektie te bestuderen in natuurlijke omstandigheden in een groot aantal dieren. 
Bovendien was het uit de literatuur bekend dat in ratten met behulp van Cortison 
acetaat gemakkelijk Pneumocystis pneumonieën waren op te wekken, hetgeen 
een ruime aanvoer van organismen voor onderzoeksdoeleinden garandeerde. Het 
onderzoek bestaat uit een aantal aandachtsvelden: electronen microscopische 
waarnemingen, epidemiologisch onderzoek aan natuurlijke infekties en het verloop 
van de pneumonie in ratten onder immunosuppressie door middel van Cortison. 
Met behulp van electronen microscopische technieken is onderzocht hoe 
Pneumocystis zich ontwikkelt in een vroeg stadium van de immunosuppressie. De 
ontwikkeling van acht dunwandige pneumocysten uit een dikwandige cyste was 
reeds uit de literatuur bekend. Onze waarnemingen konden hieraan toevoegen dat 
ook in de dunwandige organismen vorming van dochtercellen op kan treden. Deze 
endogenic zou verklaren waarom in massale Pneumocystis infekties een zeer hoge 
ratio dunwandige/dikwandige stadia wordt gevonden. Ook werden regelmatig 
dunwandige stadia van Pneumocysten aangetroffen in het cytoplasma van 
gastheercellen, echter uitsluitend in dieren die pas vier weken met Cortison 
werden behandeld. Dit zou een aanwijzing kunnen zijn voor een initiële 
intracellulaire vermenigvuldiging. Daarmee zou ook het parasitaire karakter van 
de infektie zijn aangetoond. Er werden echter nog geen onweerlegbare bewijzen 
van deling in deze intracellulaire pneumocysten gevonden. 
Uit de SPF fokkolonie van Wistar ratten werden twee grote steekproeven 
genomen van in totaal 190 dieren; deze steekproeven werden opgebouwd uit 
groepjes van 10 ratten uit verschillende nesten; elke groep vertegenwoordigde 
een leeftijdsklasse uit de kolonie van 0 dagen tot 6 maanden. Natuurlijke 
infekties met Pneumocystis werden gevonden in ongeveer 90% van de ratten in 
de leeftijd van 12 tot 16 weken. Specifieke antilichamen tegen Pneumocystis 
werden in alle dieren van deze leeftijdsgroepen aangetoond. De milde 
longafwijkingen die in dieren vanaf б weken voorkwamen, bestonden uit 
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infiltraties rond kleine venen en in het interstitium. Daarbü waren vooral 
lymfocyten, polymorfkernige leukocyten en monocyten betrokken. In de 
leeftijdsgroepen van 26 weken werden deze infiltraten nog slechts in enkele 
dieren aangetroffen. Samenvattend kan gesteld worden dat in ratten met 
spontane Pneumocystis infekties tijdelijk milde longinfiltraten worden gevonden. 
De voor Pneumocystis specifieke antilichamen werden aangetoond in dieren tot 
op de leeftijd van 12 maanden. 
Het rechtstreekse bewys dat Pneumocystis verantwoordelijk was voor de 
longafwykingen kon niet worden geleverd. De pogingen tot in vitro kweek van 
het organisme faalden zodat het organisme niet in kiemvrije dieren kon worden 
geinoculeerd. Daarom is gepoogd dit bewijs indirekt te leveren door middel van 
eliminatie van alle bekende knaagdier pathogenen. Omdat de dieren gegarandeerd 
vrij waren van parasieten en pathogène bacteriën, werden zij uitsluitend op 
bekende virale besmettingen getest met behulp van antistof bepalingen. Deze zijn 
grotendeels verricht op de afdeling Medische Microbiologie van onze fakulteit. 
Alleen pneumonia virus of mice (PVM) bleek aanwezig in een groot aantal van de 
dieren uit onze steekproeven. Experimentele infekties van kiemvrije ratten 
toonden aan dat dit virus, hoewel fataal voor muizen, in gezonde ratten geen 
longafwijkingen veroorzaakte. Het kan echter niet uitgesloten worden dat de 
aanwezigheid van het virus op een of andere wijze bydraagt in de pathologie dan 
wel dat het de vermeerdering van Pneumocystis beïnvloedt. 
De ontwikkeling van de Pneumocystis pneumonie werd onderzocht in een serie 
ratten die met Cortison acetaat waren behandeld. Vyf dieren met een 
opklimmende graad van longafwijkingen werden geselekteerd. De grote lob van de 
linker long van deze ratten werd geheel in coupes gesneden; iedere vijftigste 
coupe werd bekeken op aantallen alveoli met afwijkingen en op het voorkomen 
van pneumocysten. Dit werd uitgedrukt in aantallen aangetaste alveoli per mm 
coupe oppervlak. De afwijkingen in deze dieren bestonden uit macrophaag-rijke 
exsudaten in de alveolen en - in ernstig aangetaste longen - ook uit verdikking 
van de interalveolaire septa ten gevolge van infiltratie met monocyten en 
hyperplasie van deze septa. De afwijkingen beginnen zich perifeer in het midden 
gedeelte van de long te ontwikkelen. De verschynselen breiden zich dan uit langs 
de perifere zone van de hele long, waarna geleidelijk ook het hele centrale 
gedeelte dicht slibt met conglomeraten van pneumocysten, macrophagen, 
celdebris en weefselexsudaat. De ontwikkeling van de afwijkingen loopt vooruit 
op de aanwezigheid van dikwandige pneumocysten. Dit laatste moet 
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waarschijnlijk, net als bij de spontane infekties, worden toegeschreven aan het 
lichtmicroscopisch niet aantoonbaar zijn van de dunwandige stadia van 
Pneumocystis. 
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STELLINGEN 
I 
Endogenic draagt aanrienlijk b\j tot het aantal dunwandige stadia van 
Pneumocystis in zware infekties. 
Π 
In het rattemodel vindt geen transplacentale besmetting met Pneumocystis plaats. 
Ш 
Begrippen als "pre-AIDS" en "AIDS-related complex" zijn onvoldoende scherp 
gedefinieerd om als harde epidemiologische parameters te dienen bij het 
voorspellen van aantallen te verwachten AIDS-patiënten. 
JE Groopman en PA Volberding, Nature 307: 211, 1984. 
Editorial, Infectious Disease Alert 3: 17, 1983. 
IV 
Oat zelfs de "editorial board" van een gerenommeerd medisch tijdschrift er blijk 
van geeft de morfologie van Pneumocystis niet te kennen, roept vragen op over 
de betrouwbaarheid van de hoge incidentie waarmee in de amerikaanse literatuur 
Pneumocystis infekties bij AIDS-patiënten worden gerapporteerd. 
S К wok et al.. New Engl J Med 307: 184, 1982. 
V 
Het onderzoek op de aanwezigheid van antistoffen tegen rubella virus en 
Toxoplasma zou verschoven moeten worden naar een tijdstip vlak voor de eerste 
zwangerschap. 
VI 
Sinds het beschikbaar komen van een test voor Ig M antistoffen tegen "Viral 
Capsid Antigen" van het Epstein-Barr virus, moet de diagnostiek met behulp van 
de test van Paul en Bunnell als onvoldoende worden beschouwd. 
νπ 
De auramine kleuring op oöcysten van Cryptosporidium in faeces is nog op te 
weinig monsters toegepast om uit te sluiten dat andere entérale 
micro-organismen met vergelijkbare morfologie ook gekleurd worden; als snelle 
"screening" op Cryptosporidium verdient deze kleuring echter de voorkeur boven 
andere kleuringen. 
Ρ Payne, New Engl J Med 309: 613, 1983. 
ПІ 
De operatieve verwydering van met name abdominale cysten by patiënten 
lijdende aan hydatidosis is nog steeds de enige verantwoorde therapie, ondanks 
de aan de ingreep verbonden risiko's. 
IX 
In tegenstelling tot wat algemeen wordt aangenomen slaagt slechts een klein deel 
van de merozoieten van Plasmodium berghei, die in de exoerythrocytaire 
schizonten tot ontwikkeling komen, erin om rode bloedcellen te infekteren. 
JP Verhave en JFGM Meis, Experientia 1984, in druk. 
JA Terzakis et al., J Protozool 26: 358, 1979. 
X 
In tijden van bezuiniging verdient de aanstelling van jonge hoog gekwalificeerde 
medewerkers meer de aandacht van universiteits- en fakulteitsbesturen dan de 
evaluatie van reeds aangestelde medewerkers. 
XI 
De huidige administratieve regelingen van het post academiale onderwy's zijn 
vaak strijdig met een zinvolle relatie leerling-leermeester. 
Pieter Beckers Ntjmegen, 3 mei 1984 


